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fined at white heat—cooled, sorted, annvaled and 
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indispensable materials of national defense—and 
of modern civilization. 


Thirty years ago America was wholly dependent 
on Europe for a supply of glass for optical instru- 
ments. But before the first World War had cut off 
that source, Bausch & Lomb scientists, at Roch- 
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of a glass-making technique. By 1918, glass to fill 
the vital needs of optical manufacturing in the 


United States was pouring from the B&L glass 
plant. 

Today, for binoculars and fire control equipment 
that are the eyes of the Army and Navy—for 
metallographic and spectrographic equipment that 
are the eyes of industrial research—for microscopes 
that are the eyes of all science—for spectacle lenses 
that are the eyes of the nation’s citizens—America 
is completely independent of foreign supply. 


BAUSCH & LOMB 


OPTICAL CO. * ROCHESTER, NEW YORK 
ESTABLISHED 1853 


AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR NATIONAL DEFENSE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 


wre 
‘ 
| 
: 
| 


Bulletin of The American Association of Petroleum Geologists, March, 1941 
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AUXILIARY CHEMICALS 
THAT GET RESULTS! 


Auxiliary chemicals are important ad- 
juncts to the technique of acidizing oil 
and gas wells. Their use assures certain 
specific and desired results. Every 
Dowell treater has available for selec- 
tion and use any of the following 
auxiliary chemicals: 


1. DOWELL "XR"—Sustained Action 
Acid—INHIBITED acid with retard- 
ing agents added. "XR" sustains 
reaction rates on pure, fast acting 
limestone formations. 


2. DOWELL "XX"—Intensified Acid 
—an INHIBITED acid with Inten- 
sifying agents. "XX" is used to 
increase the reaction rates on dol- 
omitic and other slow acting for- 
mations. 


3. DOWELL "XW" SERIES—Non- 
emulsifying Acids: A family of 
INHIBITED acids with wetting and 
emulsion preventing properties. 
Specific acids in this series are used 
in treating formations containing 
viscous or easily emulsified oil. 


4. DOWELL "XF" SERIES—Free 


Flowing Acids—A family of IN- 
HIBITED acids which render un- 
spent and spent acid solutions 
"free flowing." 


The importance of auxiliary chemicals 
and the complete knowledge of their 
use is demonstrated by the following 
report given by a major operator. 
"Eighty-five wells were scheduled for 
treatment. On the first 65 wells the 
usual rule of 5,000 gallons of a Dowell 
F Series acid was used in treating. 
Beginning on No. 66 and continuing 
on through No. 85, the wells were 
treated with a combination of Dowell 
"W" and "F' Series Acid solutions. 
Although the last 20 wells were going 
off structure, and many times, only 
3,000 gallons of acid were used to 
avoid the water hazard, potentials 
were up 11% and bad oil reduced 
from 200-400 barrels to an average of 
65 barrels per treatment." 


DOWELL INCORPORATED 
Executive Office: Midland, Michigan 
General Office: KENNEDY BLDG., 
TULSA, OKLAHOMA 
Subsidiary of The Dow Chemical Company 


OIL AND GAS WELL CHEMICAL SERVICE 


viii 
| 
! 
| 
| 
| | 
| 
| 
i 
| 
i H 
| 
i 
j 
| 
| 
| 
| 
| 


Volume 25 Number 3 


BULLETIN 
of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


MARCH, 1941 


OIL IN INTERNATIONAL RELATIONS! 


WALTER H. VOSKUIL? 
Urbana, Illinois 


ABSTRACT 


The importance of petroleum to a nation is not to be gauged alone by the demand 
for gasoline, for fuel oils, or lubricants. Importance may also be gauged by critical needs, 
special functions, irreplaceable services more significantly than by quantity of con- 
sumption solely. Oil is a raw material that is vital to the welfare, the industrial and 
military strength of nations, indeed to the very survival of nations. This paper attempts 
to present a brief picture of the world oil-producing districts and consuming markets, 
the political impediments to the free movement of oil, and some of the international 
tensions that have arisen as a result of the fortuitous and uneven manner in which oil 
resources are distributed geographically and politically. 


Oil and its products are critical in national economy according to 
the economic and political characteristics of the nation under con- 
sideration. In the United States the dominant use is for automobile 
transportation, and second in quantitative importance is the use of 
fuel oil for commercial and domestic heating. This is also true to a 
large extent in Canada. 

In other nations, especially those of Europe and the Far East, the 
character of oil demand differs from that in the United States. The 
use of gasoline for automobile transportation is less, proportionately, 
in importance. Military and industrial uses, bunker fuel, truck trans- 
portation, and marine use occupy a more important place among the 
powers, notably Great Britain, Germany, Italy, Japan, and Russia, 
where undoubtedly military and naval requirements are far greater 
than in the United States in proportion to total consumption. 

In non-military nations such as the Scandinavian countries, oil is 
important in marine use for fishing vessels used in coastal fisheries, 
as well as in support of the larger merchant marine activities of these 
nations. 


1 Presented at the Illinois Mineral Industries Conference, November 16, 1940. 
Manuscript received, November 25, 1940. Published with the permission of the chief 
of the State Geological Survey. 


2 Mineral economist, Illinois State Geological Survey. 
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In nations ill equipped with railroads, the alternative method of 
bus transportation over paved roads is becoming increasingly im- 
portant. 

Because the products of crude petroleum are adapted and adapt- 
able to so wide a variety of uses in industry, land and water trans- 
portation, agriculture, and in national defense, so also there are many 
other uses and one or more may be critical or vital to the welfare of 
this or that nation. 


WORLD OIL PRODUCTION AND WORLD OIL PRODUCERS 


Despite the wide distribution of oil production in 26 countries 
and on all continents except Australia, the most of the production is 
centered in five districts or regions. These are: (1) the North Ameri- 
can region, (2) northern South America, (3) Russia and the Balkans, 
(4) the Near East, and (5) the Far East. 

Each of these regions is comprised of one or more districts. In 
fact, districts or even states within the large North American area 
may exceed in output that of entire regions elsewhere. These major 
oil regions provide 96.5 per cent of the world’s supply. The remainder 
is obtained from minor sources, as shown in Figure 1, and a few 
fields in Europe unidentified on the map. 

Relation to consuming centers.—With the exception of the United 
States and the United Socialistic Soviet Republics, the important in- 
dustrial nations of the world are lacking in petroleum resources within 
their own boundaries. This is graphically shown for leading countries 
in Figure 2. The implications of this condition are easily understood. 
Inadequate petroleum supplies at home or the danger of an interrup- 
tion of petroleum flow from oil districts to the home industrial centers 
may stimulate political or military reactions of a violent nature. 

In order to understand the possible international reactions to oil 
supply and flow, somewhat detailed recording and analysis of oil 
movements in international trade are essential. 

We begin with an examination of the position of the United States. 
The United States, because of its dominant position as an oil pro- 
ducer, significantly affects the course of international movements of 
oil. True, the net export of United States oil is only about 11 per cent 
of the total domestic production, but this export quantity looms large 
when compared with the needs of important foreign nations. 

For example, the net exports of crude petroleum and refined prod- 
ucts (exports less imports) in 1938 amounted to 139 million barrels. 
This exceeds the consumption of every other nation with the exception 
of the United Socialistic Soviet Republics. What, therefore, appears to 
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be a small part of the oil business of the United States may be of vital 
importance to another nation. 

The disparity between the oil industry in the United States and 
the remaining part of the world is further illustrated in Figure 3. This 
figure shows the number of days’ supply that would be provided in 
the United States by a year’s demand in each of six of the leading con- 
suming nations. It also shows the number of days’ demand in the 
United States that would be satisfied by the annual output of leading 
producers. 


UNITED 
VENEZUELA 
CORMANY IRAN 
NEL. 
JAPAN 
ITALY MEXICO 

IRAQ 

ANNUAL PRODUCTION 


ANNUAL 
BAHREIN 


20 30 40 so... ° 10 20 30 40 50 60 
EQUIVALENT NUMBER OF DAYS DEMAND IN US. (ONE DAYS’ DEMAND+3.4 MILLION BBLS) 


Fic. 3 


The largest export quantities of oil from the United States go 
eastward to the petroleum-deficient countries of western Europe, and 
the second largest quantity goes to petroleum-deficient Japan. The 
westward movement may be considered internationally more impor- 
tant critically than the eastward movement. Consuming nations in 
western Europe have access to supplies from Venezuela, Mexico, and 
the Near East, in addition to surplus supplies from the United States, 
whereas Japan and other far eastern markets must, under present 
conditions, rely principally on the United States. 


PETROLEUM IN PACIFIC BASIN 


The international flow of petroleum in the Pacific Basin is domi- 
nated by three elements: the large and growing demand by Japan; 
the large demand for naval purposes at the Singapore base; and the 
limited supply of petroleum production and reserves in the Far East 
area. 

The consumption of oil for both military and civil purposes in 
1938 in this far eastern area has been estimated at approximately 110 
million barrels. This is somewhat higher than the estimates for 1939 
due to a decline in Japanese demand. The principal consumers in the 
area are Japan, the Singapore naval base, Australia, British Malay, 
the Philippines, and New Zealand. Supply of oil in the immediate 
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locality is about 78 million barrels or an approximate 32 millions short 
of demand in the western Pacific area. The principal movements of 
oil in the Pacific Basin are shown in Figure 4. 
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POSITION OF JAPAN 


The largest user of oil in the Pacific area is Japan, with a recorded 
consumption of 25 million barrels for civil use and additional esti- 
mated consumption of 16-21 million barrels for military and naval 
use. To meet this demand Japan is assured only its domestic produc- 
tion of about 3 million barrels, including that obtained from Sakhalin, 
together with a limited output of synthetic fuels. With regard to the 
production of Sakhalin, until 1934, the greater part of the production 
of this island was available to the Japanese by purchase from the 
Russian share of the production. Although Japan owns the southern 
part. of Sakhalin (Karafuto), exploration has shown that the most 
productive oil fields are in the Russian part of the island. 
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The oil fields of northern Sakhalin are of decisive importance to 
the U.S.S.R. for the petroleum supply of the Far East area, because 
deliveries from the remaining Russian oil fields have serious difficulties 
on account of the long haul involved. Since 1936 a cracking plant has 
been in operation at Khabarovsk, in which Sakhalin oil is refined. At 
present, enlargement of this refinery is under way; but it is not yet 
determined when the enlargement will be in operation. Hitherto for 
the requirements of the Far East area, large quantities of gasoline 
had to be imported from the United States. Recently it has been stated 
that in the near future the requirements of the Far East can be met 
completely out of its own production. In 1940 two larger cracking 
plants are to be built at Komsomolsk and Nikolayevsk on the Amur 
River. From the Russian point of view the petroleum production in 
northern Sakhalin is quite capable of development, after new oil for- 
mations were discovered at Ekhabi. It is anticipated therefore that 
petroleum from Sakhalin will become less available to Japan in the 
future. 

Nor can the Japanese look to the Dutch East Indies for an ade- 
quate supply of petroleum short of a conquest of these islands and 
complete occupation. Under present conditions, the output of oil 
from the Straits Settlements is distributed principally to Singapore, 
Australia, New Zealand, and adjacent territories. An exportable sur- 
plus of approximately 1o million barrels is available, which is now 
being shipped to Japan. 

The policy of the United States with regard to exports of petroleum 
and refined products to Japan becomes of critical importance to the 
latter. United States has in the past contributed about three-fourths 
of Japan’s needs. The predicament of Japan in the event of an em- 
bargo on shipments from California is effectively stated by Garfias: 

It might be reasonable to assume that in case the embargo goes into effect, 
any deficiency in Japan’s supply that could not be made up from the East 
Indies fields could be procured elsewhere. A careful study of the actual situa- 
tion, however, presents quite a different picture; to illustrate, Peruvian oil 
controlled by American interests would be unavailable. Petroleum from 
Mexico, Venezuela, Colombia, and Trinidad would have to be transported 
through the Panama Canal. Incidentally, the distance from these fields to 
Yokohama is close to 9,000 miles, or twice the distance from Yokohama to 
San Francisco. Petroleum from Iraq will have to be transported through the 
Suez Canal and by Singapore, which could only be possible if Great Britain 
does not codperate with the American embargo. In view of the recent attacks 
of Japan against British interests in China, it is hardly to be expected that 
Great Britain would take the side of Japan against the United States in case 


5 V. R. Garfias, “Embargo on Petroleum Would Seriously Cripple Japan,” Oil and 
Gas Jour. (August 31, 1938), pp. 26, 98. 
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of an embargo. For the same reason it is very doubtful that Japan could obtain 
its needed petroleum supply from the Persian fields controlled by Great 
Britain, or from those in Bahrein Island which are controlled by American 
interests. 
! In this connection, the great importance of the Singapore base in the 
Japanese problem of oil supply should be noted. Singapore, the eastern Gi- 
braltar, is considered the most perfect fortress in existence, where, among 
other facilities, the British Government has a storage capacity for 7,000,000 
barrels of petroleum products, which can easily be replenished from the 
neighboring East Indies fields. British Malay, in which Singapore is located, 
is the richest British possession or sphere of interest, exporting, among other 
products, about 1,000 tons of iron ore to Japan. Northwestern Borneo and 
the Sarawak and Brunei possessions not only produce petroleum, but on 
| account of their location with respect to Singapore would be of assistance in 
guarding the approach of the East Indies from Japan to the north. With the 
Singapore base and its Asiatic fleet, Great Britain could make it necessary 
| for Japan to transport any oil it might obtain from Persia, Iraq, Bahrein 
Island, and Arabia, a practically prohibitive distance. 

It follows, therefore, that practically the only solution to this problem is 
| for Japan to monopolize the entire output of the East Indies fields, which 
| could be done only by depriving the region of its domestic petroleum supply. 
To carry out such a program, the conquest of the East Indies, the capture of 
the Singapore base and the British Asiatic fleet apparently becomes necessary. 


OIL MOVEMENTS IN EUROPE 


The European area is here defined to include the Near East in 
Asia and North Africa. A condition of unusually unstable industrial 
| equilibrium exists in this area. Here is an area, somewhat smaller 
than the United States, if the U.S.S.R. is excluded, occupied by 350 
million people of a high quality of skill and training. There is also in 
this area a supply of basic industrial raw materials adequate for a 
high degree of productivity with a potential prosperity far above the 
present level. 

There are adequate supplies of coal in Germany, Poland, and Great 
Britain, of iron in France, Sweden, Great Britain, and Spain, of lead 
and zinc in Silesia, of oil supplies in the Near East under European 
control, of bauxite for aluminium in France, Hungary, and Dalmatia, 
of fertilizer minerals, both potash in Germany and phosphate in 
North Africa. All these together provide the basic materials for a 
high order of industrial and agricultural activity. 

Imposed upon this physical unit of Europe is a political system 
of many small states, not one of which is supplied with all the requisite 
basic materials of industry. We need simply to call attention to the 
abundant iron reserves in a coal-less Sweden or a coal-poor Germany, 
or the lack of an adequate supply of all basic minerals in Italy to 
make clear the meaning of this. 
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The small-state system accompanied by tariffs, export and im- 
port quotas, limitations on the movements of population, and other 
hampering restrictions vitiated the efforts of management to make the 
most effective use of the tremendous productive power of modern 
power technology. What has been accomplished in the large free-trade 
area of the United States, with its large population of high purchasing 
power, similarity of languages, of taste, and desires, and a machine 
technology that is unsurpassed elsewhere, in the form of high pro- 
ductivity, has so far failed in Europe although the opportunities are 
comparable. The efforts to produce substitute or “ersatz” materials 
from high-cost materials have signally failed. 

The present struggle is, among other things, a clash between ex- 
treme nationalism and modern technology. The outcome is in doubt 
regardless of which group of political powers achieves a victory. 

Within this struggle, the position of oil is particularly vital. 


NEAR EAST-MEDITERRANEAN AREA 


The Near East-Mediterranean area is here defined to include the 
oil-producing districts of Romania, Iraq, Iran, Bahrein, and Saudi 
Arabia. Oil fields of the U.S.S.R. are considered separately in view 
of the fact that nearly all of the Russian output is used within the 
U.S.S.R. This area is truly one of the great oil fields of the world. It 
is a prize which is eagerly sought by more than one European nation 
and may at any time be the occasion for a major military operation 
(Fig. 5.) 

The reserves of this area are tentatively estimated at approxi- 
mately 7,000,000 barrels, exclusive of Saudi Arabia and Bahrein 
Island, for which estimates are not available.* This is approximately 
on the same scale as Texas reserves and ranks these among the lead- 
ing fields of the world. With the exception of the Romanian fields, 
output is increasing. The rate of growth and relative importance in 
output is graphically shown in Figure 6. 

These fields supply almost exclusively the European nations. For 
some of these, the Near East oil fields are the sole source of supply. 

The fact of central significance with respect to the Near East oil 
fields is the deficiency of petroleum resources in the industrial nations 
of western Europe. The nations of western Europe produce only 7.5 
million barrels annually which is approximately 4 per cent of the needs 
of Great Britain, Germany, France, and Italy under conditions pre- 
vailing in 1938 and 1939. The Near East fields take on an added inter- 


* V.R. Garfias and R. V. Whetsel, ‘“Estimate of World Oil Reserves,”’ Trans. Amer. 
Inst. Min. Met. Eng., Vol. 132 (1939), p. 609. 
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national significance when viewed against the background of a politi- 
cally divided Europe, comprised of powerful industrial nations seek- 
ing control of and domination over needed raw-material supplies— 
including petroleum. Germany in particular is vulnerable with respect 
to its petroleum supply. Blocked from the resources of the western 
world by the British navy during war, Germany is practically re- 
stricted to the limited and declining supplies from Romania together 
with a meager supply from Poland and such oil as Russia is willing 
to ship. The Near East oil fields may become one of the important 
battlegrounds of the world. 

The current international struggle in Europe has focused atten- 
tion on the Romanian oil fields largely because of their strategic posi- 
tion and accessibility to the axis powers. Since oil products play a 
vital réle in air, naval and land warfare, the battle to secure adequate 
oil supplies and at the same time prevent the enemy from obtaining 
such supplies is part of the strategy of the present war. In this respect 
the Romanian oil industry has been particularly subject to pressure 
from contenders on both sides of the struggle. Nevertheless, the fields 
of Persia, Arabia, and Iraq are playing just as important, although 
not so noticeable, a part in the struggle for the control of the Near 
East. 

Evaluation of Near East fields —Five major producing districts, 
exclusive of Russia, comprise the oil fields of the Near East. They are: 
‘ Iran, Iraq, Saudi Arabia, Egypt, and Bahrein Island. Together they 
produce about 125 million barrels which, if the area is considered as 
a unit, places this area third in rank in the world, exclusive of the 
United States, and comparable with Russia and Venezuela as a 
producer. 

The leading producing nation, Iran, entered the oil industry in 
1913 with production steadily rising and new discoveries continually 
augmenting the reserves. The Iraq district entered the picture in 
1927 with an initial production of 67,000 barrels, and rose rapidly to 
32 million yearly. Bahrein Island in the Persian Gulf, and Saudi 
Arabia on the mainland, are newcomers in the oil industry. Reserves 
in Iran and Iraq have been estimated at 3,500 million and 2,500 mil- 
lion barrels respectively. Since the discovery and rapid rise of Bahrein 
Island among oil producers in 1933, the attention of oil companies 
has been drawn to eastern Arabia, particularly to that section bor- 
dering the Persian Gulf. Exploration and development on Damman 
dome on the mainland opposite Bahrein Island, and in Kuwait, south 
of the Iraq border, seem to justify expectations that this region will 
some day become one of the world’s important oil-producing districts. 
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DISTRIBUTION OF NEAR EAST OIL 


Oil from the Near East fields is distributed almost exclusively to 
European nations. Only a small quantity is shipped to British interests 
in the Far East to supplement oil supply of the Netherlands East 
Indies. Routes of transportation are mainly over water as follows. 


For Russian and Rumanian oil 
Black Sea-Mediterranean route 
Black Sea-Danubian route 
Rail route from Romania to Germany via Lwow 


For Iraq oil 
Mediterranean route via pipe-line terminals at Haifa and Tripoli 


For Iran, Bahrein Island, and Saudi Arabian oil 
Persian Gulf-Red Sea-Suez Canal-Mediterranean route 
In this transportation system, the Mediterranean is the principal 
highway. 

Oel und Kohle comments as follows. 

Although none of the countries which border on the Mediterranean Sea 
has any considerable domestic production of petroleum, yet the Mediter- 
ranean Sea possesses in relation to the petroleum industry an extraordinarily 
great importance which deserves keen interest under the existing war situa- 
tion. In the first place it is a question of access to the Black Sea, which indeed 
is possible only by way of the Mediterranean. This plays an important rdéle 
in the present plans for extending the war. The Black Sea is the passageway 
for considerable quantities of Russian oil from the Caucasus and the Ro- 
manian oil from the margin of the Carpathian Mountains. A constriction of 
this traffic by a penetrating naval power can create perceptible disturbances, 
even in the intra-Russian exchange of petroleum which runs from the ter- 
minals of the Caucasian pipe lines at Batum and Tuapse to the South Russian 
harbors and thence in part inland by the great rivers. 

The same route is also to be taken for Russian deliveries to central and 
western Europe, so far as they do not prefer the longer, but for many purposes 
cheaper way by sea through the Straits of Gibraltar. Romanian oil is also 
transported over the Black Sea, namely, to Turkish and Bulgarian harbors; 
and more than three-fourths of the total Romanian exports are directed over 
the Black Sea. At any rate, so long as the peace of the Black Sea remains un- 
disturbed, almost the entire export of Russian and Romanian oil reaches its 
destinations by way of the Black Sea and of the straits of the Mediterranean 
Sea. In the Dardanelles, laden tankers traveling westward and returning 
eastward in ballast are a daily, often an hourly, phenomenon. 

The second means of access to the Mediterranean Sea is the Suez Canal. 
Here pass tankers, laden principally with oil from Iran (Persia), and to a 
smaller extent with oil from the Red Sea fields of Egypt and from Bahrein, 
as well as from the Netherlands East Indies, and British Borneo, destined to 
southern and western Europe and northern Africa. 

Finally, since 1934, the Mediterranean Sea has been connected by the 
terminals of the pipe lines of the Iraq Petroleum Company on British and 
French mandated territory (Haifa and Tripoli) to one of the great districts 
of the world oil industry, and has to take and distribute the entire production 
of Iraq (about 32.6 million barrels in 1938). 
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Under these circumstances naval control of the Mediterranean Sea, so 
far as such control can be exercised in general as a unit, possesses in part a 
vital significance for the oil supply of a number of countries. That is true not 
only of the countries bordering the Mediterranean but also of a number of 
countries, lying beyond the Straits of Gibraltar, which receive a part of their 
petroleum imports by way of the Mediterranean. 


OIL MOVEMENT IN 1938 
The graphs on oil flow portray the distribution of oil in the year 1938. 


09. fe - 
7) 
WS Se 3.9 baa 
/ 
2.1 


ROMANIAN EXPORTS OF PETROLEUM, 1938 
Fic. 7 


In a Europe divided by conflict, the oil fields and routes of trans- 
portation offer many vulnerable points open to attack. British con- 
trol of the Atlantic ocean gradually reduced shipments from the 
Americas to Central Europe. Oil movements through the Mediter- 
ranean destined to Great Britain are subject to attack by Italy and 
movements through the Bosphorus are subject to the will of the Turk- 
ish Government in control of the Straits, and the British fleet in the 
Mediterranean. Refineries on Bahrein Island have been bombed by 
the Italian air force and refineries at Abadan, and oil terminals at 
Haifa and Tripoli are likewise vulnerable. The drastic effects of the 
war and naval blockade can be appreciated by comparing present 
restrictions with the normal flow in 1938. 
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The distribution of petroleum from Romanian and the Near East 
oil fields to consuming nations is portrayed in Figures 7, 8, and 9. 
The relationship of the fields in Iraq and Iran to consuming nations 
is of particular interest. Oil from the Iraq fields (Fig. 8) moves by 
pipe line to terminals at Tripoli in Syria and Haifa in Palestine. 
Although the oil fields are owned by both British and French inter- 
ests, the bulk of the oil moves to France as crude for refining. A 
refinery is in process of construction at Haifa. 


Fic. 8 


Oil from the Iran fields (Fig. 9) is largely refined before shipment. 
In addition to the normal movement to the British Isles, the products 
of these refineries supply also the British naval and air forces in the 
Near East. 

PROBLEMS OF MAJOR EUROPEAN POWERS 

The entry of Italy into the European war disrupted the normal 
flow of petroleum and its products, necessitating the establishment of 
new lines of flow. Shipments through and into the Mediterranean 
were sharply curtailed or stopped altogether. Oil from Iran destined 
for England was redirected to the Cape of Good Hope route. Each 
of the participants in the European struggle was confronted with a 
problem of oil supply. 
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Great Britain.—Aside from the necessity of maintaining connec- 
tions with oil supplies in both the Netherlands West Indies and the 
Near East oil fields, Great Britain must safeguard the supply of naval 
fuel and aviation gasoline for the operations in Egypt and the eastern 
Mediterranean. The main sources of refined fuels are the refineries 
at Abadan and on Bahrein Island with capacities of 280,000 and 
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32,500 barrels daily, respectively. A 40,0o00-barrel refinery in Haifa at 
the British terminal of the pipe line from the fields in Iraq adds to the 
eastern Mediterranean supply. 

In the Pacific area, the principal concern of Great Britain is to 
safeguard the supply of oil for the Singapore naval base. This oil is 
obtained almost exclusively from the Netherlands East Indies and 
Sarawak (Fig. 4). 

Problem of Germany.—Although Germany has a small petroleum 
industry approximating 4 million barrels a year, the main dependence 
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of this section is on imports and on hydrogenated and synthetic 
liquid fuels. The German picture in 1938 was as follows. 


1,000 Barrels 


The source of petroleum and its products in that year is shown in 
Figure 11. With the exception of small shipments from Russia, Ru- 


GERMAN IMPORTS OF PETROLEUM, 1938 
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mania, Iran, and the Far East, the German nation placed its de- 
pendence for oil on the western world. 

With the outbreak of hostilities, certain sources of oil were closed 
to Germany or at least sharply curtailed. It is reported that petroleum 
from the Americas continued to flow into Germany through Italy, 
Spain, and the Low Countries, for several months during the course 
of the war. The conquest of the Low Countries and France and the 
entry of Italy into the war enabled the British to establish a more ef- 
fective blockade in the Atlantic and through the Red Sea route so 
that, at the present time, Germany is limited to the resources of 
Romania together with the meager European production and to what- 
ever supplies she is able to obtain from U.S.S.R. The problem for 
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Germany, however, is more than merely shifting from one source to 
another. The gross output of Romania may appear to be sufficient 
for Germany’s needs, if all other sources of supply are cut off, but may 
nevertheless be insufficient in two respects: (1) the refined products 
of Romanian crude may not coincide with German needs; (2) the 
population of conquered nations must be maintained and, for this 
maintenance, a certain amount of petroleum to operate fishing ves- 
sels and transportation is necessary. 

The problems of Italy with respect to oil are practically identical 
with those of Germany (Fig. 12). 
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Position of U.S.S.R.—As the largest producer of oil in the Euro- 
pean area, the position of the U.S.S.R. must be considered. Although 
the U.S.S.R. claims large reserves and claims that oil is being pro- 
duced in several districts, the Baku district is still the backbone of 
the oil industry, with 60-70 per cent of the total production. The 
U.S.S.R. is at present not an important factor in the international 
oil trade of the Near East. Exports of crude petroleum and refined 
products have fallen from a high level of 30 per cent of production 
in 1932 to 4 per cent of production in 1938. Meanwhile production 
has risen each year. The program of industrial development, military 
expansion, and mechanization of agriculture has tended to absorb 
most of the oil output of the U.S.S.R. 
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RussIAN PRODUCTION OF CRUDE PETROLEUM* 


Year 1,000 Barrels Exports 
1929 100,000 28,742 
1930 127,000 35,970 
1931 166,000 30,693 
1932 157,000 45,807 
1933 157,000 36, 241 
1934 178,000 31,925 
1935 185,000 24,483 
1936 202,000 19,340 
1937 199,000 14,604 

*1938 206,000 7,922 

>1939 217,000 


* Roush, Mineral Industry during 1939, Vol. 48, p. 448. 
® Preliminary. 
b Estimated by Oil Weekly. 


RELATION OF WESTERN WORLD TO OIL TRADE 


Venezuela, through the refineries in the Netherlands West Indies, 
is, in normal times, an important contributor to the oil supplies of 
Europe. Of a total export of 130 million barrels in 1938, Europe took 
44 million barrels of gasoline and fuel oil. The principal takers were 
the United Kingdom, Germany, the Netherlands, and Italy. Produc- 
tion in Venezuela so far exceeds consumption in the South American 
area that a surplus is available for export. Shipments to the United 
States are limited mainly to consumption by seaboard refineries as 
to imports in bond. 

The position of the United States in the oil trade of the world 
has been stated at the beginning of the paper. These two surplus 
areas can provide western Europe with all its oil needs. 
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UPPER PALEOZOIC OF WESTERN AUSTRALIA: 
CORRELATION AND PALEOGEOGRAPHY' 


CURT TEICHERT? 
Perth, Western Australia 


ABSTRACT 


The paper reviews the upper Paleozoic rocks in the three most important districts 
of Western Australia: Irwin River, North-West Division, and West Kimberley Divi- 
sion. The strata and their fossils are described in broad outline and a correlation be- 
tween the three sequences is suggested. Glacial deposits are found at the base of the 
sections followed by a variety of marine and lacustrine, or estuarine, sediments of con- 
siderable thickness. The Western Australian strata are compared with those of eastern 
Australia, particularly of New South Wales, and it is indicated that the general suc- 
cession, lower Marine—lower Coal Measures—upper Marine, which is characteristic of 
the Hunter River area in New South Wales, can also be recognized in Western Australia. 
It is concluded that glaciation in Western Australia began about at the beginning of 
Sakmarian time and that sedimentation continued until the early Kungurian. Corre- 
lations with Russia, India, and Timor are made. The Permian glaciation of Australia 
was a single major event with the strongest refrigeration during the Sakmarian and 
much less severe conditions, with one major interglacial period, during the Artinskian. 
Rich marine faunas arrived in Australia after the climax of the glaciation had been 
passed. The upper Paleozoic strata of Western Australia were deposited in a geo- 
synclinal trough which was marginal to the pre-Cambrian shield and continuous with 
the Timor geosyncline of the East Indies. The relative geographical position of Australia 
and the East Indies in late Paleozoic time must have been very much the same as at 
present. 


INTRODUCTION 


This paper deals with those rocks in Western Australia which 
here—as elsewhere in this continent—were until recently classified as 
“Permo-Carboniferous.” There has been a growing tendency in re- 
cent years to include these rocks unrestrictedly in the Permian. 
Whether or not or to what extent this seems justifiable is discussed 
in a later section of this paper and until then the writer refers to these 
strata as “‘upper” or “late Paleozoic.” 

Strata of this age are developed in three important districts of 
Western Australia (Fig. 2): (1) Irwin River district, (2) North-West 
artesian basin, (3) an area of unknown extent in the northern part 
of the state of which that part which belongs to the Kimberley physio- 
graphic division has been investigated in some detail. In addition, the 
Collie coal basin in the southwestern part of Western Australia is of 

1 This is the thoroughly revised and much altered manuscript of a paper read in 
January, 1939, at the Canberra meeting of Section C (Geology) of the Australian and 
New Zealand Association for the Advancement of Science of which a short abstract has 
been printed in the Reports of that meeting (Teichert, 1939b). Subsequent field work, 
during 1939 and 1940, has necessitated certain alterations. Although field work and 
study of the faunas are continuing, it is thought that the substantial increase in knowl- 
edge of this matter during the past 5 or 6 years not only justifies, but makes desirable, 


an attempt to summarize the pertinent facts and their bearing on general questions. 
Manuscript received, September 4, 1940. 
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Fic. 1.—Physiographic map of middle and west Australia (adapted from E. de C. Clarke, 1938). Rivers are indicated 
by numbers: (1) Irwin River, (2) Wooramel River, (3) Minilya River, (4) Lyndon River, (5) Christmas Creek, (6) Margaret 
River. 
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the same general age, but as no recent information on this small 
area is available and its exact correlations have not been established 
it will not be considered in detail in this paper. 


Fic. 2.—Sketch map of Western Australia, showing distribution of outcrops of 
upper Paleozoic rocks in black. Diagonal lining indicates area of practically unknown 
stratigraphy. Stippling shows approximate distribution of boulder beds of Warburton 
Range of questionable age. Outlines of eastern United States and Mississippi River 
are shaded for comparison in same scale. 


The first mention of the occurrence of late Paleozoic strata in 
Western Australia was apparently made by Sir George Grey as early as 
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1841 (Maitland, 1919). Fossils of “Carboniferous” age were, however, 
first mentioned from the Irwin River in an appendix to a paper by 
E. Gregory in 1861, but R. Etheridge must have had so little con- 
fidence in these reports that he did not include any Paleozoic species 
from Western Australia in his Catalogue of Australian Fossils which 
was published in 1878. The first detailed description of a few species 
from the Gascoyne River area seems to have been given by Hudleston 
in 1883 and in 1884 Hardman reported the presence of “Carbonif- 
erous” fossils in the West Kimberley district. More fossils, partly 
from Hardman’s collections, were described in 1890 by Nicholson, 
Hinde, and by Foord and since then papers dealing with Western 
Australian late Paleozoic faunas have appeared at intervals. Notable 
among the contributors were R. Etheridge, Jr., in the earlier part of 
this century, and L. F. Hosking, K. L. Prendergast, and D. Hill in 
more recent years. References to these and other papers are made 
where necessary in the following paragraphs. 

For field relations it is (for the present purpose) sufficient to refer 
to the most recent sources. The geology of the Irwin River district 
was last described in a paper by Woolnough and Somerville in 1924. 
Since then much unpublished information has been accumulated by 
Professor E. de C. Clarke and students (unpublished manuscript by 
Prendergast and Luck), and some of this, by kind permission, has 
been incorporated in this paper. The geology and stratigraphy of the 
North-West district are described in papers by Condit, Raggatt, and 
Rudd (1936), by Raggatt (1936), and by Raggatt and Fletcher (1937), 
and on the Kimberley Division recent reports by A. Wade (1936, 
1938) are available. 

Since 1938 the writer has spent at various times about 25 weeks 
in the field investigating upper Paleozoic strata in all three districts, 
but few results have yet been published. Also, in 1939, he had the 
opportunity of studying important “Permo-Carboniferous” sections 
in eastern Australia, particularly in New South Wales, and the follow- 
ing correlations of eastern and western sequences are, therefore, based 
on some amount of personal experience. 

It is a pleasant duty to render sincere thanks for, and appreciation 
of, the assistance the writer has received in the prosecution of this 
work. Travelling grants were made available from the Commonwealth 
Grant to the University of Western Australia under the research pro- 
gram of the Council for Scientific and Industrial Research. Travelling 
facilities in the Kimberleys were provided by the Freney Oil Com- 
pany, Ltd., Perth, and in New South Wales by the Geological Sur- 
vey of New South Wales, and by the Department of Geology of 
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Sydney University. Untiring guides were: in New South Wales, L. J. 
Jones, Government geologist, Dr. H. G. Raggatt, now assistant Com- 
monwealth geological advisor, and Dr. W. R. Browne, of Sydney 
University; in Victoria, Dr. E. S. Hills, of Melbourne University; and 
in the Kimberley district, L. M. Waterford, of the Freney Oil Com- 
pany, Ltd. For many stimulating and enlightening discussions the 
writer is not only indebted to these gentlemen, but also to Professor 
E. de C. Clarke, University of Western Australia, F. G. Forman, 
Government geologist of Western Australia, Dr. A. Wade, of the Oil 
Advisory Committee, Canberra, Miss I. Crespin, Commonwealth 
paleontologist, Canberra, and to H. O. Fletcher, of the Australian 
Museum, Sydney. Professor Charles Schuchert has read and criticized 
the original manuscript. Furthermore, a debt of gratitude is due to 
the pastoralists of the North-West for never failing hospitality and 
untiring help, whenever unforeseen difficulties arose in the field, in 
particular to G. Gordon Gooch, of Wandagee Station. In 1939, the 
writer was accompanied in the North-West by H. G. Higgins and 
E. P. Utting who coéperated in mapping and stratigraphical work. 
Material contributions to the fossil collections from the Wandagee 
series have in recent years been made by H. Coley who in the course 
of time has donated several thousand specimens to the University of 
Western Australia. 

In considering the relative value of the results of all this work a 
few facts should be remembered: Western Australia equals in size 
approximately all of the United States east of the Mississippi River 
(compare Fig. 2). The great majority of the population of scarcely 
half a million is concentrated in the extreme southwest. Poor roads 
and lack of railway lines make field work more costly and difficult 
with increasing distance from the populated area and Perth, its ad- 
ministrative and research center. Nearest among the areas described 
in this paper is the Irwin River, 260 miles from Perth; farthest the 
Kimberley district, 1,300 miles from Perth in a northerly direction 
along the coast, with Paleozoic strata extending another 300 miles 
inland from the coast. The population is extremely sparse and in the 
north large parts of the country have not been taken up by white men. 
It is, therefore, evident that the geological data are of very unequal 
value. Detailed investigations have been carried out in a few places, 
large parts are covered by broad reconnaissance work, and there are 
still wide stretches from which only occasional or no observations are 
available. 

From an economic point of view the stratigraphy of the areas here 
under consideration has received and is still receiving the attention of 
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various oil companies which have instigated geological explorations in 
the North-West and Kimberley districts and a great number of the 
data on which the conclusions in this paper are based have been ac- 
cumulated by geologists engaged in this practical work. Renewed 
drilling operations are at present in progress to test the oil possibilities 
of certain structures in the Fitzroy River Basin (Kimberley district). 
Furthermore, upper Paleozoic strata are prominent in the two largest 
artesian basins in Western Australia, namely, the North-West and 
Desert basins; full knowledge of these strata is, therefore, necessary, 
before it will be possible to utilize the water resources of these basins 
in the most satisfactory and economic way. 

For the convenience of the reader a physiographic map of middle 
and west Australia is here reproduced as Figure 1 in which most of 
the geographical names used in this article may be found. 


SUMMARY OF STRATIGRAPHY 


The following summary of stratigraphy is very incomplete in its 
references to fossil faunas for knowledge of them is in deplorable con- 
trast to the large amount of material which has already been collected. 
Probably not more than 20 per cent of the total number of species 
have been described and many of the earlier names are in need of 
revision. Too often names of eastern Australian or Indian species 
have been attached to Western Australian forms and care should be 
exercised in the perusal of such references. Preliminary determinations 
are of little use in correlation and no fossil name is, therefore, used 
in the following unless the writer feels reasonably satisfied that its 
application is correct. 


IRWIN RIVER DISTRICT 


Good exposures are found 30-40 miles from the coast of the Indian 
Ocean. Here, two branches, known as North Irwin and South Irwin, 
unite to form the main river, and here as well as farther downstream 
and toward the south the complete upper Paleozoic sequence is exposed. 

The sequence is now known to be as follows. 


Feet 
White sandstone and shales 200? 
“Upper Marine series.”” Carbonaceous shales with ferruginous sandstone layers 
and erratic boulders 120 
Coal Measures. Laminated and cross-bedded, plant-bearing sandstones with 
several coal seams 140 
Fossil Cliff limestone. Fossiliferous shale with limestone layers and lenses 190 
Metalegoceras series. Mostly unfossiliferous shales with limestone and clay- 
stone 2,500 
Tillites, calcareous grits, and Fontainebleau sandstones 200 


Total 3350+ 
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The strata are folded in a long broad anticline with dips as great 
as 20°. The axis of the anticline trends approximately northwest and 
southeast with a northwesterly pitch. A noticeable feature of this suc- 
cession is the comparatively small thickness of glacial beds at the base. 
A number of very large boulders of pre-Cambrian rocks are situated 
almost in a straight line near the axis of the anticline and it is sug- 
gested by E. de C. Clarke that this may indicate that the pre-Cam- 
brian basement here is not far below the surface. If that is so, the small 
thickness of the Irwin River glacials would be real and not due to 
insufficient exposures. 

The Metalegoceras series is essentially unfossiliferous. It covers 
rather large areas on both sides of the anticline which, owing to the 
axial pitch, closes toward the northwest. The only important fossil 
is Metalegoceras jacksoni which on the northeast limb of the anticline 
occurs in a series of three parallel linear outcrops. On the southwest 
limb only one continuous line of outcrops with Metalegaceras has been 
found. Although the field evidence is inconclusive it seems neverthe- 
less most likely that Metalegoceras jacksoni in places occurs at three 
different levels between 800 and 1,500 feet above the glacial beds. 

Species characteristic of the Fossil Cliff limestone begin to appear 
in the upper shales of the Metalegoceras stage (Linoproductus cora var. 
foordi Etheridge, Warthia and other small gastropods) and a natural 
boundary between these two series of strata has not yet been worked 
out. It seems, however, that throughout a thickness of severa] hun- 
dred feet above the uppermost Metalegoceras band the shales are un- 
fossiliferous or almost unfossiliferous. The Fossil Cliff stage at the 
top of this series is still predominantly shaly, but abundantly fossilif- 
erous limestone lenses are intercalated. The fauna consists of more 
than one hundred species among which brachiopods are the most 
abundant in number of species and indiyiduals (Linoproductus, 
Taeniothaerus, Chonetes, Strophalosia, Spirifer, Syringothyris, Strep- 
torhynchus, Cleiothyridina, Seminula, and others). Bryozoa are another 
important group which is represented by fenestrellinids, Hexagonella, 
Streblotrypa, and others. The rest of the fauna is composed—in de- 
scending order of importance—of lamellibranchs (Edmondia, San- 
guinolites, Stutchburia, Deltopecten, Aviculopecten, Conocardium, Al- 
lorisma), gastropods (Bellerophon, Warthia, pleurotomarids, Conu- 
laria), non-fusulinid Foraminifera, corals (Pterophyllum, Euryphyllum, 
Gerthia), nautiloids (Pseudorthoceras, Domatoceras, Stearoceras), cri- 
noids, ostracods, and trilobites. The fauna of the contemporaneous 
shale facies is very much impoverished and consists almost exclusively 
of productids and fenestrellinids. 
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The Coal Measure series lies conformably on top of this marine 
shale and limestone series and begins with massive cross-bedded sand- 
stone. Finer, partly laminated, sandstones and shales interbedded 
with one to four coal seams are characteristic of the higher part of 
this series. Several plant horizons have been found in this sequence. 
The general succession of these is as follows (in descending order). 

Bothrodendron beds 
Sphenophyllum beds 
Glossopteris beds 
Sphenopteris beds 
Glossopteris beds 

Most prolific is the flora of the Sphenopteris beds which contain 
(according to preliminary determinations mainly by Miss V. Sims) 
Sphenopteris lobifolia, Glossopteris browniana, Glossopteris indica, 
Glossopteris angustifolia, Gangamopteris sp., Sphenophyllum sp., 
Cladophlebis roylei, Phyllotheca australia. Numerous species are also 
represented in some of the other beds and of special interest is the 
occurrence of Bothrodendron. 

The next following series of carbonaceous shales and ferruginous 
sandstone is almost unfossiliferous. David and Sussmilch (1936, p. 
637) report the occurrence of Aviculopecten in these strata and in 1939 
an indeterminable fragment of a lamellibranch was found which, 
however, was unlike an Aviculopecten. Furthermore, in one sandstone 
horizon invertebrate trails are numerous. Some of these resemble 
trails which are very abundant in the Byro and Wandagee series of 
the North-West. Erratic boulders of granite and gneiss occur in at 
least two horizons. Their presence can hardly be explained otherwise 
than by assuming ice-borne transport. The marine nature of this 
series—already indicated by David and Sussmilch and by Condit, 
Raggatt, and Rudd (1936)—is beyond doubt and in the following 
these strata will be referred to as the “Irwin River Upper Marine.” 

The sequence at the Irwin River closes with a series of whitish 
and gray fine-grained sandstones and shales in which no fossils have 
yet been found and the thickness of which has not yet been deter- 
mined. It should, however, be not less than 200 feet thick and is prob- 
ably more. 

NORTH-WEST DIVISION 

The upper Paleozoic rocks occur here in an area which is known as 
the North-West artesian basin. The structure of this “basin” is much 
more complicated than was assumed only a few years ago. Field work 
mainly by Raggatt, Rudd, Waterford, and the writer has shown that 
considerable faulting is evident and that folding has taken place which 
resulted in the formation of anticlinal and dome structures. Artesian 
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conditions are, therefore, not present everywhere. The entire area is 
made up of strata of upper Paleozoic, Cretaceous, and Tertiary age. 
Jurassic is known from only one isolated occurrence on the Minilya 
River. The Cretaceous is well developed from the Aptian at least to 
the Maestrichtian and all the main divisions of the Tertiary are rep- 
resented. 

The upper Paleozoic strata are exposed along a belt up to 60 or 
70 miles wide, extending from about 20 miles south of the Wooramel 
River in the south to somewhat north of the Lyndon River in the 
north, or, roughly speaking, between 23° and 26° South latitude. The 
information regarding this area is derived from sources of unequal 
value. Most parts have been the subject of reconnaissance work only 
and detailed investigations are limited to restricted areas. As far as 
is known at present, lateral changes in facies and thickness of the 
strata exist in certain parts of the section but these conditions are as 
yet poorly understood. 

Raggatt’s standard section (1936) probably applies mainly to the 
country around the Gascoyne River and farther north along the Lyons 
River and the Kennedy Range. Following Raggatt, this section can be 


described as follows. 
Feet 
Kennedy stage. Almost wholly sandstone, with Spirifer, Strophalosia, Car- 
diomor pha 700 
Byro stage 
(e) Massive sandy micaceous mudstone with calcareous lenses (S pirifer 
byroensis) 
(d) Cross-bedded brown and greenish sandstone, fossiliferous 
(c) Sandy mudstones, dark shales, white sandstones 2,400+ 
(b) Sandy limestone, calcareous sandstone and dark shales with small 
glacial erratics 
(a) Carbonaceous shale 
Wooramel stage. Mainly medium-grained white sandstone. Few fossils 130- 180 
Callytharra stage. Divisible into upper flaggy limestone and lower calcare- 
ous mudstone with limestone bands. Very fossiliferous 200- 460 
Lyons series. Upper shaly group with thin fossiliferous limestone beds and 
lower sandy group with eight glacial conglomerates. Marine fossils 
present 2,150-2,400 


Total 5,580-6,140 


The Wandagee stage which forms the top of Raggatt’s section 
above the Kennedy sandstone is here omitted for reasons which will 
be explained. The entire sequence above the Lyons series is termed 
Gascoyne series by Raggatt. Since several of the “stages” of this 
series will eventually have to be further subdivided, it is here proposed 
to raise them to the rank of “‘series” and to apply the term “Gascoyne 
system” to the entire upper Paleozoic sequence in the North-West. 

Conditions appear to have been rather uniform throughout the 
entire North-West district during the time of the formation of the 
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Lyons and Callytharra series which seem to be fairly uniformly de- 
veloped. According to Raggatt and Fletcher, the lower 500-800 feet 
of the Lyons series are unfossiliferous and the lowest fossil horizon is 
recorded at about 1,600 feet below the top of the series, containing 
fenestrellinids, crinoid remains, and Conularia warthi Waagen. A fur- 
ther fossil horizon with Plerophyllum australe and Chonetes “‘pratti’’ 
is recorded at 1,300 feet below the top of the series. The upper, shaly, 
part of the Lyons series is more abundantly fossiliferous and is char- 
acterized by a number of species of the typical Callytharra fauna, 
namely, Plerophyllum australe, Hexagonella dendroidea, ‘‘Amplexus”’ 
pustulosus, Cleiothyridina macleayana, Linoproductus cora var. foordi, 
Dictyoclostus callytharrensis, and others. 

The Callytharra limestone is abundantly fossiliferous. Raggatt 
and Fletcher (1937, p. 169) list 82 species in this series. At the type 
locality, Callytharra Springs on the Wooramel River, a calcareous 
mudstone facies predominates which is fairly rich in crinoids and blas- 
toid remains. The Timor genus Rhopaloblastus seems to be among the 
representatives of the latter group. Farther north the Callytharra 
series develops into flaggy, hard limestones. The fauna shows great 
resemblance to that of the Irwin River Fossil Cliff limestone as was 
first recognized by L. F. Hosking in 1932. Bryozoa and Brachiopoda 
are by far the most predominant groups of the Callytharra fauna and 
the species which it has in common with the Fossil Cliff fauna include 
numerous fenestrellinids, Dictyoclostus callytharrensis, Cleiothyridina 
macleayana, Spirifer hardmanni, and others. Unlike the Fossil Cliff 
fauna the Callytharra fauna seems to include very few lamellibranchs. 

North of the Gascoyne River the Callytharra series increases in 
thickness and a subdivision into two or three stages seems to be feas- 
ible in the Moogooloo Range, north of the Minilya River. The series 
is here abundantly fossiliferous, but no detailed work has yet been at- 
tempted in this section. 

The Wooramel sandstone appears as a series of great lithological 
uniformity over great distances in the northern part of the North- 
West district and southward for some distance south of the Gascoyne 
River. In the Wooramel River area there seems to be no clear distinc- 
tion between the Wooramel sandstone and the basal sandstones of 
the overlying Byro series. As Raggatt has pointed out, the Wooramel 
sandstone is an important water-bearing formation. 

As regards the sequence above the Wooramel sandstone consider- 
able facies differences exist in different parts of the North-West. 
Raggatt’s description of the sequence, reproduced in a preceding 
paragraph, seems to be fairly representative of conditions as they 
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prevail along the Gascoyne River and for at least 60 or 70 miles north 
along the Lyons River and the Kennedy Range. Still farther north, 
along the Minilya River, the thickness of strata corresponding with 
the Byro series increases considerably and the sequence here can not 
be compared directly with that on the Gascoyne. The total thickness 
of the upper Paleozoic beds must be about 8,100 feet in the Minilya 
River area. 

The sequence above the Wooramel sandstone in the Minilya 
River district can be described as follows. 


Feet 
Kennedy sandstone. Well bedded medium- to coarse-grained sandstones with 
few fossiliferous beds 200+ 
Wandagee series. Well bedded fine- to medium-grained sandstones with some 
shale in lower part and one or two limestones 2,600 
Cundlego series.* Fine-grained shaly to coarse-grained massive sandstones, 
commonly cross-bedded, with many intercalations of shale 1,500 
Bulgadoo series.* Carbonaceous shales with sandstone here and there 1,000? 
Total 5,300 


* Series names here proposed. 


The general succession of facies in this sequence is similar to that 
in the Byro series. The shales of the Bulgadoo series correspond with 
the basal shales of the Byro series. They are very poor in fossils, 
Chonetes being the only form which is numerous in places. These 
shales which are, in places, highly gypsiferous, are known by local 
drillers as “Black Jack” and salt water is commonly found in them. 
Unfortunately, it is not realized by the drillers that “Black Jack” 
shales also occur between the porous sandstones of the higher part 
of the section and shallow water bores are usually discontinued as 
soon as the “Black Jack” is struck. 

Sandstone becomes more predominant in the Cundlego series and 
fossils become more numerous. So far, only the upper half of this 
series has been studied in some detail. About 500 feet below the top of 
the series Streptorhynchus is very prominent at one horizon and in the 
upper part of the series hard, massive, cross-bedded sandstones ap- 
pear. The sandstones form long, low, continuous outcrops many of 
which can be followed over considerable distances and which form an 
outstanding feature in the monotonous plains south of the Minilya 
River. Fossils are rare in these sandstones although pockets with a 
rich fauna of Spirifer and Aviculopecten are found. One more persist- 
ent fossiliferous horizon occurs about 200 feet below the top of the 
Cundlego series which is characterized by the first appearance in this 
section of the crinoid Calceolispongia whose many species make excel- 
lent horizon-markers in the following Wandagee series. It was these 
prominent massive sandstones of the upper Cundlego series that were 
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thought by Raggatt to be Kennedy sandstone and that led him to 
place the Wandagee series at the very top of the Paleozoic sequence, 
above the Kennedy sandstone. 

The Wandagee series is extremely fossiliferous. Raggatt and 
Fletcher (1937, p. 170) listed 11 species from these beds, but the 
number of species which has now been collected from them is more 
than 100 and probably approaches 150. Owing to this abundance of 
fossils it has been found convenient to subdivide the Wandagee series 
into four stages. In place of a provisional division proposed in a pre- 
vious paper (Teichert, 1939a) and of the division used by Higgins and 
Carroll in 1940, the Wandagee series is now subdivided as follows. 


Feet 
Linoproductus stage. Fine- to medium-grained sandstones, in many places strongly 


ferruginous 
Schizodus stage. Well bedded, shaly and friable sandstone of greenish gray to 
brown color. In places strongly fossiliferous in upper part, but in other places 


1,090 


almost unfossiliferous 340 
Calceolispongia stage. Gray, fine- to medium-grained sandstones with a few car- 

bonaceous shales. Very highly fossiliferous 560 
Lingula stage. Bituminous and gypsiferous shale predominant, with numerous 

sandstones and a few limestones 590 


It has been possible to distinguish 32 distinct fossil horizons in 
these four stages. Fossils are still rare in the Lingula stage which con- 
tains, in places, a rich fauna of arenaceous Foraminifera such as Hyper- 
amminoides and Ammodiscus (personal communications from W. J. 
Parr, of the Mines Department, Melbourne). One limestone is notice- 
able for its abundance of spiriferids, associated with lamellibranchs 
and the nautiloid Permonautilus. This is the lowest part of the Wan- 
dagee series which contains Calceolispongia.® 

The Calceolispongia stage is so called, not because Calceolispongia 
is restricted to its beds, but because this genus here has its greatest 
development in the number of species and of individuals. Dense col- 
onies of this peculiar crinoid existed when these beds were deposited 
and thousands of calicular plates are commonly found on an area of 
only 1,000 or so square yards. Other characteristic fossils of this stage 
are large productids (Taeniothaerus), Spirifer rostalinus, and many 
other spiriferids, Strophalosia kimberleyensis, Cleiothyridina royssit, 


3 This genus will be described in detail in a future publication. It was established 
in 1915 by R. Etheridge on a few isolated basal plates from strata in the Kimberley 
district which that author believed to be sponges (hence the name!). The genus is well 
represented in the Bitaoeni and Basleo beds of Timor where it was first described by 
Wanner in 1916 as Dinocrinus. Gerth, in 1936, first noted the resemblance of Calceoli- 
spongia to Dinocrinus and since complete dorsal cups of Calceolispongia have now been 
found in the Wandagee series it can no longer be doubted that these names are synony- 
mous. The genus belongs to the family Poteriocrinidae. It occurs first in the Callytharra 
limestone and its many species are among the best horizon markers of the beds of the 
Wandagee series. 
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all of which occur in great quantities, in addition to many other less 
numerous brachiopods. Bryozoa, mainly fenestrellinids and Geiniészella, 
are fairly numerous, and several genera of crinoids in addition to 
Calceolispongia have been found. Among the gastropods are a large 
species of Bellerophon, Warthia, Conularia, and others. The coral 
fauna includes Euryphyllum reidi Hill and Verbeekiella mersa Hill as 
the two most conspicuous representatives and among the nautiloids 
are species of Stearoceras and Titanoceras. Lamellibranchs are repre- 
sented by numerous paleopectinids and by Cardiomorpha bilatchfordi 
and other genera. Among the rarer groups are the blastoids, repre- 
sented by one species of the Timor genus Pterotoblastus, and the ammo- 
noids, including a species of Propinacoceras. Many of these fossils, 
including Pterotoblastus and all the cephalopods are here recorded for 
the first time in Australia. The beds of the stage consist mainly of 
ferruginous and calcareous fine-grained sandstones and micaceous 
shales. Some dark shales, slightly carbonaceous, are also exposed. 

These highly fossiliferous horizons of the Calceolispongia stage are 
followed by the more barren beds of the Schizodus stage. In the lower 
part this stage consists of platy to thin-bedded gray sandstones with 
a few fossils, mainly chonetids. These beds are followed by friable 
dark olive-gray sandstones which in many places contain one or more 
shell banks, exclusively composed of lamellibranchs among which a 
species of Schizodus is the most conspicuous. Still higher, a great vari- 
ety of lamellibranchs is found, including pectinids, Cardiomorpha, 
Stutchburia, Oriocrassatella, and also Schizodus. 

The Linoproductus stage includes numerous fossil horizons. In 
most of these a species of Linoproductus can be found. The lower part 
of this stage is particularly rich in fenestrellinids which characterize 
two conspicuous fossiliferous horizons at the base of this stage. These 
are followed by horizons with Thamnopora immensa whose coralla 
locally reach diameters of 10 centimeters, and with a large species of 
Cleiothyridina. The higher fossil horizons have not yet been worked 
out to full satisfaction. The fauna is varied and rich. Near the base of 
the stage Helicoprion davisii was found (Teichert, 1940a). A species 
of Paragastrioceras (s. str.) occurs at the same level, whereas a new 
species of Pseudogastrioceras, very closely related to Pseudogastrio- 
ceras suessi, has been found at various levels in the Linoproductus 
stage. Propinacoceras also occurs in the lower part of the stage. Among 
the crinoids a giant species of Calceolispongia is found. Among the 
Bryozoa of the higher horizons is Dybowskiella and among the brachio- 
pods. are species of Waagencconcha and a small Dictyoclostus. The 
nautiloids include Phacoceras. There are lenticular occurrences of a 
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rich lamellibranch fauna and a foraminiferal horizon with A mmodiscus 
in the middle of the stage. The sequence grades upward into the sand- 
stones of the Kennedy stage, and the boundary is drawn above the 
two highest horizons with Calceolispongia which contain a last, rather 
large, representative of the genus and the lamellibranch Oriocrassatella 
cf. stokesi Etheridge. 

The Kennedy sandstone is rather poor in fossils. Near the base a 
horizon with Chonetes and Streptorhynchus was found at Wandagee 
Hill. Elsewhere, a few spiriferids and productids, as well as lamelli- 
branchs, are known to occur in it. Raggatt and Fletcher list (1937, 
p. 170) six species in this stage and the final fossil list will be found to 
be only slightly longer. 

Throughout the whole sequence from the base of the Wooramel 
to the top of the Kennedy sandstone numerous horizons with an 
abundance of invertebrate trails are noticeable. Two types prevail 
among these. One is similar to the Eocene Bullia trails described by 
Abel (1935, pp. 220-237) and almost certainly can be interpreted as 
trails of gastopods (Fig. 3); the other is of a large segmented type 
and is most probably the trail of a large mud-eating worm (Fig. 4). 
In addition, trails of the ‘“‘Nereites” type and numerous other trails 
can be found. 

The sequence of Bulgadoo-Cundlego-Wandagee must, in a general 
way, correspond with the Byro series of the Gascoyne River. It is 
as yet unknown whether the Wandagee series is absent on the Gas- 
coyne or is replaced by an unfossiliferous facies. There is no indication 
of the typical facies of the Wandagee series along the foot of the 
northern part of the Kennedy Range, which the writer visited in 1940, 
but fossils of middle Wandagee age have recently been obtained from 
near the foot of the southern end of the Kennedy Range on Mooka 
Station.* 

Further indications of the Wandagee series have been found near 
the southern extremity of the upper Paleozoic belt, south of the Woo- 
ramel River on Byro Plain, where Calceolispongia has been found by 
Rudd’ and by the writer. Here also, numerous fossiliferous horizons 
occur in which large spiriferids, such as Spirifer rostalinus, are notice- 
able, but the section has not yet been examined in detail. 

Raggatt has drawn attention (1936, pp. 146-47) to the possible 
existence of Paleozoic beds above the Kennedy sandstone which, at 
present, are known only in bores. If the age of the bore cores has 

* The writer is indebted to L. Glauert for showing him these fossils which have been 
sent in recently to the Western Australian Museum and Art Gallery. 

5 Specimens in the Commonwealth Palaeontological Collection, Canberra. 
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Fic. 3.—Segmented trail, probably made by large mud-eating worm. Uppermost part of Calceolispongia stage of Wandagee 
series. North side of Minilya River, in center of syncline west of Coolkilya Pool, Wandagee Station. § natural size. 


Fic. 4- —Large gastropod trails. Upper Ferruginous series. First ridge north of Moulamen 
Hill, West Kimberley district. } natural size. 
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been correctly determined, there may be another 1,000-1,500 feet of 
Paleozoic sediments above the Kennedy sandstone. 


WEST KIMBERLEY DIVISION 


This is only part of a probably very large area of late Paleozoic 
rocks the extent of which has been shown very differently on recent 
maps (see Clarke, 1938b, p. 32). On the latest geological map of West- 
ern Australia by Blatchford (1934) and also on David’s Geological 
Map of the Commonwealth of Australia (1932) this area is shown as 
a rectangle with its longer side extending approximately northwest 
and southeast. The northwest boundary of this area is formed by the 
younger formations of the coastal belt and extends from about 90 
miles east of Port Hedland to 50 miles north of Derby—a distance of 
about 350 miles. From here the area of upper Paleozoic rocks is shown 
to extend inland for at least 400 miles and the size of the area under- 
lain by these rocks would then be approximately 140,000 square miles. 
Actually, however, it isnot known how much of this practically unex- 
plored country consists of Paleozoic strata. More recently the area has 
been described in broad outlines by Clapp (1925, 1926), and some data 
have been collected by L. J. Jones (see Hobson, 1936). It has been 
crossed on very few occasions and the basins of the Fitzroy River 
and its tributaries, Christmas Creek, and Margaret River, are the 
only parts which are now known in some detail. This explored area 
covers about 20,000 square miles. 

The sequence is, of course, not quite uniform throughout this area. 
The thicknesses vary and changes in facies occur. In general, however, 
the sequence can be characterized as follows (after Wade, 1936 and 


1938). 


Feet 
Erskine series. Estuarine conglomerates, grits, sandstones, and shales with 
plants 350 
Upper Ferruginous or Liveringa series. Clays, grits, sandstones, ordinarily 
limonitized, with rich marine fauna 1,400 
Nooncanbah series. Clays, shales, with calcareous horizons, many of them pass- 
ing into sandstone. Rich marine fauna 1,200 
Lower Ferruginous series. Coarse, dark grits and conglomerates, sandy shales 
and flags, ordinarily heavily limonitized. Rich flora 2,200 
Nura Nura limestone. Gray, sandy limestone with erratic boulders. Arenaceous 
shale. Fossiliferous 20+ 


Grant Range series. Sandstones, grits, arkoses, conglomerates, containing 
pebble beds and in places larger boulders. Boulder clays and tillites. Clayey 
sandstones. Massive Fontainebleau sandstones. Fossil wood 2,300 

Kungangie series of Christmas Creek area. Fine-grained sandstones and clayey 
sandstones. Coarse red grits, sandy shales and cherts, probably also tillites 
and boulder clays. Fossil wood 2,000 


Total 9,470+ 


Farther east toward the eastern boundary of the Paleozoic out- 
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crops the Kungangie series is replaced by boulder beds (J.8 beds) 
which rest on Devonian or pre-Cambrian. The maximum thickness 
of these beds is about 400 feet. 

This sequence is underlain by rocks of Devonian age. The upper 
Middle Devonian is represented by stromatoporoid reefs and coral 
and brachiopod limestone and is overlain by sandy goniatite lime- 
stones, representing the lower half of the Upper Devonian (Oberde- 
vonstufe I-III, see Teichert, 1940b) which in turn are followed by 
Crinoidal limestone. The gap between the Upper Devonian and the 
glacial beds of the Kungangie and J.8 series is, according to Wade, 
bridged by 1,000 feet of chocolate-colored clays and green-gray arena- 
ceous and calcareous beds of doubtful (Carboniferous??) age. This 
series has not been found in outcrops and its presence is inferred from 
bore logs only. L. M. Waterford has pointed out to the writer that 
these strata might actually be Devonian which they indeed seem to 
resemble lithologically. 

An important feature of the upper Paleozoic section—excluding 
these doubtful Carboniferous beds—is the great thickness (more than 
4,300 feet) of glacial sediments which form the lower part of the series, 
and whose thickness exceeds considerably that of the glacial beds in 
the Irwin River district as well as in the North-West Basin. Marine 
fossils make their first appearance comparatively high in the sequence. 
The fauna of the Nura Nura limestone is not rich. It includes Spirifer 
hardmanni in addition to undescribed spiriferids, Waagenoconcha, and 
Bryozoa, and near the top there is a layer with limonitized fossils 
which include Metalegoceras clarkei, Thallassoceras wadei, described 
by Miller in 1936, in addition to a few nautiloids, lamellibranchs, and 
gastropods. Metalegoceras clarkei, it should be remembered, is not very 
similar to Metalegoceras jacksoni from the Irwin River (see Miller, 
1932). It is a much smaller species with umbilicai ribs in the early 
stages and with the external lobe closest to the umbilical shoulder 
much more strongly developed than in the Irwin River species. The 
rest of the Nura Nura fauna has not yet been studied in detail. The 
Nura Nura limestone occurs in patches in the main basin of the Fitz- 
roy River as well as in the Margaret River and Christmas Creek areas 
and contains here boulders some of which are very large. 

The lower Ferruginous series contains a flora of Glossopteris, Ver- 
tebraria, Noeggerathiopsis, Lepidodendron, and Bothrodendron. Inverte- 
brate trails occur at some horizons, but these seem to be types differ- 
ent from those which occur in higher, marine horizons, notably in the 
upper Ferruginous series. 

The Nooncanbah series is an extremely fossiliferous sequence of 
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strata. Bryozoa and Brachiopoda are the most prominent groups. 
Large spiriferids and productids (Spirifer rostalinus and Taeniothaerus 
subquadratus) are among the latter but a considerable number of addi- 
tional species of Spirifer, Streptorhynchus, Strophalosia, Cleiothyridina, 
and other genera is known though as yet largely undescribed. The 
corals include Thamnopora marmionensis Etheridge, Thamnopora 
immensa Hill, and Cladochonus nicholsoni (Etheridge) and the crinoids 
include, so far, three species of Calceolispongia, with the holotype 
Calceolis pongia hindei Etheridge which is characteristic of the top beds 
of the Nooncanbah series at Mount Marmion. No cephalopods and 
trilobites and few lamellibranchs have as yet been found. Paleonto- 
logical zoning of the series has not yet been undertaken, but is 
undoubtedly possible. There are indications that some of the fossil 
zones of the Wandagee series of the North-West will be recognizable 
in the Nooncanbah series. 

The upper Ferruginous (also called Liveringa) series is essentially 
characterized by brachiopods and lamellibranchs. Among the former 
group are Streptorhynchus luluigui, Cleiothyridina royssti, Aulosteges 
spinosus, Taeniothaerus subquadratus, and species of Linoproductus, 
Waagenoconcha and Spirifer. The lamellibranch fauna has not yet 
been studied, but it contains pectinids, Stutchburia, Cardiomor pha, 
Schizodus, and a considerable number of other genera. The gastropods 
include pleurotomarids, a large Bellerophon, similar to Bellerophon 
blanfordianus Waagen and Conularia. The “abundant, but poorly pre- 
served cephalopods” listed by Wade (1936) belong to the bellero- 
phontid Warthia which occurs in great quantities in certain beds of 
the upper Ferruginous series. Invertebrate trails are abundant in 
places. Prominent among them are trails similar to those in the sand- 
stone series above the Callytharra limestone of the North-West: the 
Bullia-like gastropod trails, the segmented mud-eater trail (Figs. 3, 
4), and the “‘Nereites”’ type. From the very highest beds of the upper 
Ferruginous series, Chapman and Parr (1937) described Verbeekina 
sp. and Neoschwagerina sp. These are the highest marine Paleozoic 
beds in the Kimberley district. 

The sandstones of the Erskine series are rich in plant fragments, 
but poor in determinable remains. Lepidodendron, Cordattes, and 
Phillotheca have been doubtfully determined from this series. 


WESTERN AUSTRALIAN CORRELATIONS 


Prior to the publication of the writer’s correlation table of the 
Western Australian upper Paleozoic formation in 1939 (p. 93) few 
attempts to arrive at a correlation of the various sequences had been 
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made. The first correlation to be proposed was that between the strata 
at Callytharra Springs, Wooramel River (now Callytharra limestone 
series) and those of the Fossil Cliff, Irwin River (now Fossil Cliff 
series) by L. F. Hosking in 1931 (p. 9). The evidence was accepted by 
Condit, Raggatt, and Rudd in 1936 (p. 1051) and ina publication by 
Raggatt of the same year. These authors also presented the first 
general correlation between the sequences in the Irwin River district 
and in the North-West. The Irwin River Coal Measures were corre- 
lated with the Wooramel sandstone and with the basal shaly part of 
the Byro series, the Irwin River upper Marine with the middle part 
of the Byro series (the equivalent probably of the Cundlego series of 
the Minilya River). The shales and mudstones of the Metalegoceras 
series were correlated with the non-glacial top part of the Lyons series 
and in the Irwin River glacials with the lower, glacial, part of the 
same series. In 1939, still under the impression that the Wandagee 
series, as suggested by Raggatt, formed the top of the sequence in 
the North-West, the writer correlated the Irwin River Coal Measures 
in a general way with the Byro and Kennedy sandstones of the North- 
West and the upper Marine with the Wandagee series. 

Correlations between the Kimberley and the North-West sections 
have not been attempted until recently. According to Clarke (1938, 
p- 33) a correlation had been suggested between the Nooncanbah 
series and the Callytharra limestone. In 1939, the writer called atten- 
tion to similarities between the Nooncanbah and the Wandagee series, 
and correlated the Callytharra limestone with the Nura Nura lime- 
stone of the Kimberley. Further proof of the correctness of the correla- 
tion of the Wandagee with the Nooncanbah has been accumulated 
since then, although alterations are necessitated by the change of the 
place in the succession of the Wandagee series from above the Ken- 
nedy sandstone to a position below it. 


IRWIN RIVER-NORTH-WEST CORRELATION 


The outstanding feature is the correlation of the Callytharra and 
Fossil Cliff series which have many species in common. Among the 
corals are Plerophyllum australe, among the brachiopods are the pro- 
ductids (Prendergast, 1941), Dictyoclostus callytharrensis, and Stro- 
phalosia etheridgei, and a species of Syringothyris. Furthermore, the 
two series contain several identical species of Bryozoa and one unde- 
scribed crinoid. It will be possible to characterize the similarities still 
more fully when the faunas have been studied in more detail. 

This correlation having been established, the conclusion is justified 
that the Irwin River tillite and the beds of the Metalegoceras stage are 
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Fic. 5.—Diagrammatic representation of some important sections of upper Paleozoic rocks in Western Australia. 
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the equivalent of the Lyons River series of the North-West. It is 
furthermore likely that the 2,500 feet of the non-glacial Metalegoceras 
series represent more time than the 500 feet of non-glacial fossiliferous 
shales in the upper part of the Lyons series, since general field evidence 
suggests rather more rapid sedimentation in the North-West than in 
the Irwin River district. The Metalegoceras series, therefore, must also 
correspond with the upper part of glacial sediments of the Lyons 
series. It must, therefore, be concluded that although glacial sedi- 
mentation in both districts started before the time of Metalegoceras 
jacksoni, it was still in progress in the North-West when the sediments 
with Metalegoceras jacksoni were laid down at the Irwin River. 

No direct data are available for the correlation of the sequence in 
both districts above the Callytharra-Fossil Cliff series. It is, however, 
reasonable to conclude with Condit, Raggatt, and Rudd (1936, p. 
1052) that the Irwin River Coal Measures correspond with the lower, 
shaly part of the Byro series and probably also include equivalents of 
the Wooramel sandstone which can be compared with the much 
thinner, coarse-grained, cross-bedded sandstone at the base of the 
Irwin River Coal Measure series. The equivalent in the Minilya River 
section would be Wooramel sandstone and Bulgadoo series. 

The Irwin River upper Marine must then correspond with the 
higher marine strata (upper Byro and Cundlego plus Wandagee) in 
the North-West, although its thickness is only a fraction of the thick- 
ness of those series. The uppermost sandstone series of the Irwin River 
is lithologically somewhat reminiscent of the Kennedy sandstone but 
such a correlation must be accepted with considerable caution since 
no paleontological data are available to support it. Both the upper 
Marine and the higher sandstones might not correspond with more 
than a small part of the North-West section above the basal Byro 
or Bulgadoo series and sedimentation at the Irwin River might have 
ceased much earlier than in the North-West. 


KIMBERLEY-—NORTH-WEST CORRELATIONS 


The correlation between the Wandagee of the North-West and 
the Nooncanbah of the Kimberley, which was suggested by the writer 
in 1939, can now be regarded as sufficiently well established, although 
there is as yet little published evidence to refer to. Higher parts of the 
Wandagee series which were discovered in 1940 include equivalents of 
part of the upper Ferruginous series of the Kimberley. 

The boundary between the Nooncanbah and the upper Ferrugi- 
nous is well exposed at Mount Marmion, about 45 miles from Derby 
and about the same distance north of the Fitzroy River. The top beds 
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of the Nooncanbah series contain here Thamnopora marmionensis, 
Calceolispongia hindei, a very robust species of Taeniothaerus, prob- 
ably a variety of the large Taeniothaerus subquadratus of the Wandagee 
series, and Spiriferella australasica.® This assemblage is very sugges- 
tive of the fauna of the lowest part of the Linoproductus stage of the 
Wandagee series from which Thamnopora aff. marmionensis and the 
closely related Thamnopora immensa is known. This latter species 
also occurs high in the Nooncanbah in the Christmas Creek area. 
Spiriferella australasica is associated with Thamnopora in the same 
beds of the Wandagee series. Calceolispongia hindei is not known from 
the Wandagee series, but the general state of development of this 
species suggests contemporaneity with the as yet undescribed ad- 
vanced species of the same genus in the lower Linoproductus stage of 
the Wandagee. 

Calceolispongia may yet turn out to be an important index fossil 
of the Nooncanbah series. One mile east of Nooncanbah Homestead, 
in beds which represent a lower horizon of the Nooncanbah series than 
that present at Mount Marmion, the writer found associated two 
species which are characteristic of the middle part of the Calceolispon- 
gia stage of the Wandagee and the accompanying fauna of productids 
and spiriferids gave support to this correlation. 

Among the productids common to the Kimberley and North-West 
beds are (Prendergast, 1941) Waagenoconcha vagans from the Liver- 
inga series and from the Linoproductus stage of the Wandagee, 
Strophalosia kimberleyensis, a common fossil in the Nooncanbah, upper 
Ferruginous, and Wandagee strata, and Etheridgeina muirwoodi from 
the upper Nooncanbah at Mt. Marmion and from the Wandagee 
beds. 

In the lower part of the upper Ferruginous, which is exposed on 
Lower Liveringa Ridge, a large, undescribed species of Cleiothyridina 
is common and the same species is commonly found in great numbers 
above the Thamnopora-Spiriferella zone of the lower Linoproductus 
stage. It is most likely that the boundary between the Nooncanbah 
and the upper Ferruginous must be drawn through the lower part of 
the Linoproductus stage in the North-West. The highest 700 feet or 
so of the Wandagee series must still be equivalents of some part of the 
upper Ferruginous, and the Kennedy sandstone with its poor fauna 
of productids, spiriferids, and lamellibranchs either corresponds with 
the top part of the upper Ferruginous or may be considered as the 


® Records of the occurrence of this species in the Callytharra and Fossil Cliff faunas 
should be discounted. The specimens thus determined belong to another, undescribed, 
species. 
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marine equivalent of the Erskine series. Since there is no break in the 
sequence between the Wandagee and the Kennedy and the fossil 
assemblage of the latter contains no forms very different from those 
in the underlying formations, the writer would like, at present, to 
favor the former alternative. 

It is as yet impossible to say if the base of the Nooncanbah corre- 
sponds with the base of the Wandagee. It is possible that the Noon- 
canbah goes low enough to include equivalents of the higher part of 
the Cundlego series, but no evidence is available one way or the other. 
The stratigraphical position of the lower Ferruginous series with its 
rich Glossopteris flora suggests correlation with strata below the Wan- 
dagee series either with all or part of the Cundlego series and with the 
Bulgadoo series and with the lower part of the Byro of the Gascoyne 
River section. These strata have, in the previous section, been corre- 
lated with the Irwin River Coal Measures. The resulting correlation 
of the lower Ferruginous with that series is in complete harmony with 
the evidence furnished by the flora. 

As regards the Nura Nura limestone there are hardly any data to 
support its correlation with any of the southern strata, except the oc- 
currence of Spirifer hardmanni which is a common fossil of the Cally- 
tharra and Fossil Cliff series. The occurrence of Metalegoceras clarkei 
in the Nura Nura is not suggestive of a correlation with the Metalego- 
ceras beds of the Irwin River. As has been pointed out, Metalegoceras 
jacksoni of the Irwin River is a more primitive species and, if any- 
thing, should be older than Metalegoceras clarkei. No better suggestion, 
then, can be made at present than to correlate the Nura Nura with the 
Callytharra of the North-West and with the Fossil Cliff of the Irwin 
River. All three formations contain the first important marine faunas 
that invaded their respective districts in Western Australia after the 
deposition of the main glacial series of sediments. 

It has been pointed out in a preceding paragraph that these glacial 
sediments are considerably thicker in the Kimberley district than in 
either of the two other areas. The writer has previously suggested 
(1939) that this might be due to an earlier beginning of glacial sedi- 
mentation in the north, but it might equally well be caused by more 
rapid accumulation of sediments. For the present it is, therefore, im- 
possible to establish definitely whether or not glacial sedimentation 
commenced simultaneously in all parts of Western Australia. 


PALEOGEOGRAPHICAL CONCLUSIONS 


It seems certain that when the Irwin River tillites were being 
formed, similar deposits were accumulating in the North-West and 
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Kimberley districts, although it can not be asserted that glacial sedi- 
mentation began at the same time everywhere in Western Australia. 
In the south (Irwin River) the formation of tillites marked but a 
short episode in the history of the area, and while glacial sedimentation 
was continuing in the northerly regions, the limestone and claystone 
series with Metalegoceras was formed in the Irwin River country. 
Woolnough (1937, 1938) has suggested that this limestone and clay- 
stone series was deposited in a barred basin with highly saline waters, 
unfavorable to marine life. On the lee shore of the bar great numbers 
of Metalegoceras shells were piled up and occasionally swept into the 
basin. Woolnough’s theory would not only explain the general scarcity 
of fossils which contrasts with the abundance of Metalegoceras at 
certain restricted horizons; it would also help to understand the ab- 
sence of ice-borne material from this series. No glaciers would have 
reached the Irwin River Basin at this time and icebergs of some dis- 
tant origin were carried away outside the bar and were not able to 
penetrate into the basin. 

At a still later stage (upper part of Lyons series) glacial sedimenta- 
tion also ceased in the North-West, but was still going on in the Kim- 
berley, where it continued all through the time when the Fossil Cliff 
and Callytharra limestones were formed in the south. A general in- 
crease in the temperature of the water is indicated by the gradual ar- 
rival of the Fossil Cliff and Callytharra faunas and the final occupa- 
tion of the two southern districts by these rich faunas. The rather 
poor fauna of the Nura Nura limestone indicates that conditions in the 
north must have compared unfavorably with those in the south. 

Glacial sedimentation now ceased altogether and the Glossopteris 
flora appeared in Western Australia. In the north and in the extreme 
south estuarine and lacustrine sedimentation ensued. Sandstones, at 
the Irwin River interbedded with a few coal seams, contain a rich 
flora which in both districts indicates a slight intermingling of pre- 
dominant Glossopteris elements with sporadic “arctocarbonic”’ forms 
(Lepidodendron, Bothrodendron). Plant beds are absent from the inter- 
mediate area where sedimentation at this time continued to be marine. 
Plant fragments and fossil drift wood in the lower Byro and Bulgadoo 
series, however, indicate the existence of at least fairly normal vege- 
tation near the shores of the sea. Among the driftwood in the lower 
Byro there is also a fragment of Lepidodendron. Apparently, north of 
the Irwin River the coast line must have swung eastward and have 
run well to the east of the present North-West Basin. 

The general period of marine sedimentation that followed may 
not have commenced simultaneously in the north and in the south. 
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The great thickness of the lower Ferruginous in the Kimberley sug- 
gests that estuarine or lacustrine sedimentation continued in the 
north after the Irwin River Coal Measures had been formed. At this 
time glacial sedimentation, though on a slight scale, is again evident 
in the Irwin River upper Marine and also in the middle Byro of the 
North-West. 

Rich faunas now began to populate the North-West and Kimber- 
ley districts. Sedimentation was predominantly detrital and many 
thousands of feet of sediments were deposited in rapid succession. 
Rapid rate of sedimentation is suggested by the comparatively slight 
changes of faunas in the series (Cundlego-Wandagee and Nooncan- 
bah-upper Ferruginous), also by the abundance of invertebrate trails 
and markings all through these series which stand slight chance of 
preservation, unless they are quickly covered by incoming sediment. 
In the North-West there is a marked increase in abundance of life 
throughout these series. 

It is very probable that during this period the sea spread to an area 
just outside the Western Australian boundary, that is, to the coastal 
region between the Victoria and Daly rivers in the Northern Territory 
of Australia. In 1907, Etheridge described a fauna derived from beds in 
this area which seems to have many species in common with the higher 
marine series of the North-West and Kimberley districts. The detailed 
stratigraphy of that country is, however, unknown. 

It is impossible to give even an approximate picture of the later 
paleogeography. It is not known at what time the highest sandstone 
series at the Irwin River was deposited. The unfossiliferous nature of 
the sediments suggests non-marine conditions. After the short incur- 
sion of “upper Marine” time the sea might have retreated soon and 
the upper sandstones might have been deposited in lifeless lagoons at 
a time when abundant marine life flourished in the seas of the North- 
West and Kimberley districts. 

In the Kimberley marine sedimentation came to an end with the 
deposition of the Verbeekina-Neoschwagerina beds of the upper Fer- 
ruginous. It can not yet be said, whether marine sedimentation ceased 
at the same time in the North-West or whether the highest marine 
beds of the North-West (Kennedy sandstone) are an equivalent of the 
lacustrine Erskine series of the Kimberley which forms the top of the 
Paleozoic sequence in that part of Western Australia. At any rate, 
the existence of the Glossopteris flora in Western Australia is still evi- 
dent during Erskine time when it was probably again—or still—inter- 
mingled with northern types of flora. 

There is little doubt that it will ultimately be found that the major- 
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ity of the marine faunas of the North-West and Kimberley districts 
consist of identical species. These close similarities suggest that the 
sediments of both areas, though now divided by the pre-Cambrian 
block of the Pilbara district, were deposited in one continuous basin 
with free communication and interchange of faunas over its whole 
length. This, together with the fact—to be discussed more fully later 
—that a very considerable thickness of sediments were accumulated 
during a comparatively short time, shows this basin as an important 
structural unit with geosynclinal characters which the writer has pro- 
posed to call the “Westralian geosyncline.”’ As early as 1930 Forman 
had described the Desert Basin as a “geosynclinal unit.” The rate of 
accumulation of sediments during the relatively short Paleozoic his- 
tory of the Westralian geosyncline exceeded that of many parts of the 
Tasman geosyncline of eastern Australia. 

Wade has recently (1939, p. 90) reproduced and accepted a map 
by the late R. J. Tillyard which gives an interesting interpretation 
of Australian paleogeography during Permian time. It is thought that 
the Kimberley sedimentary trough continues southward into a depres- 
sion, the ‘“Tethynotian channel.” It is not expressly stated, whether 
this channel should be imagined as a water way or as low dry land, 
but east of this depression mountainous country is visualized, whence 
glaciers descended to the Tethynotian channel which thus provided a 
way by which ice could enter the Kimberley trough. Although this is 
not mentioned in Wade’s short abstract, accompanying the map, 
Wade and Tillyard apparently correlate the boulder beds of the Wil- 
kinson Range with the glacials of the Kimberley trough. These beds 
were discovered by Talbot and Clarke (1917) in Western Australia 
close to the South Australian boundary. No direct evidence as to their 
age is available and Talbot and Clarke thought that they might be 
late Mesozoic or Tertiary. 

The Kimberley trough and the Tethynotian channel are, according 
to Wade and Tillyard, bounded on the west by an elongate landmass 
called ‘‘Hesperonotia,” comprising all the country between the chan- 
nel and the coastal districts of Western Australia and projecting north- 
ward and southward beyond the present coast line. West of Hespero- 
notia was the sea in which the sediments of the Irwin River district 
and the North-West were laid down. This sea narrowed southward to 
a narrow strait, the “Stirling channel,” between the southern part of 
Hesperonotia and a land tongue, the “Leeuwin Land,” which was 
linked with Madagascar. 

This paleogeographic reconstruction is probably not correct in all 
details, but the general picture seems acceptable. While on the Wade- 
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Tillyard map there is free communication between the Kimberley 
trough and the Timor sea, the former is separated from the North- 
West Basin by a long projection from Hesperonotia, whereas our dis- 
cussion of the faunas of these two regions has shown that free com- 
munication must have existed between them. This means that Hes- 
peronotia can not have extended as far to the north as Wade and 
Tillyard suppose. As regards the Stirling channel, there is no evidence 
as to the age of the sediments occupying the trough between the 
Leeuwin pre-Cambrian complex and the main mass of the West 
Australian shield. 


CORRELATION WITH EASTERN AUSTRALIA 


In regard to the correlation of the Western Australian sequence 
with that of the eastern Australian Kamilaroi system the fossil evi- 
dence so far available is most inconclusive (see Raggatt and Fletcher, 
1937, Pp. 171-178). Most eastern species reported from Western 
Australia have a long range and the evidence furnished by short-lived 
species is contradictory. Thus, upper Marine forms (Pherophyllum 
gregorianum) have been recorded from the Callytharra, and Burindi 
(lower Carboniferous) species (Orthotetes crenistriata) from the Byro, 
but such discrepancies will undoubtedly disappear, once the Western 
Australian faunas have been studied in detail. On the other hand, it 
is becoming increasingly evident that the differences between lower 
and upper Marine faunas in New South Wales are not very outstand- 
ing (Raggatt and Fletcher, 1937, p. 155) and that, therefore, the 
eastern Australian marine sequence does not represent much of Per- 
mian time, as-was already suggested by Schuchert in 1935 (p. 33). 
On the whole it would seem that there is little similarity between the 
eastern and western upper Paleozoic faunas, as was suspected by 
Koken as early as 1907. The wide separation of both areas by a large 
continent easily accounts for this, and to explain these differences it 
is probably not necessary to have recourse to the correlation of marine 
strata in Western Australia with fresh-water stages in the east, as 
was once suggested by Whitehouse (1928, p. 283). The Bowen series 
in Queensland seems to contain a few species of corals and brachiopods 
identical with Western Australian species, such as Euryphyllum reidi, 
Thamnopora immensa, and Cladochonus nicholsoni as recorded by 
D. Hill (1941) and Taeniothaerus subquadratus (Whitehouse, 1928). 
Whitehouse remarks in general on the occurrence of middle Bowen 
species in Western Australia, and among the corals previously men- 
tioned, Cladochonus nicholsoni, an upper Nooncanbah species, is 
known from the Coral stage in the upper part of the lower Bowen. It is 
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also worth mentioning that the only Australian record of Permian 
ammonoids outside Western Australia comes from Queensland, 
where Whitehouse (1925, p. 474) recorded an “impression of a cephalo- 
pod (?) resembling Girtyites’’ from the Homevale beds of the lower 
Bowen at Mt. Britton. This reference might refer to a true Paragas- 
trioceras such as is found in the lower Linoproductus stage of the Wan- 
dagee series of Western Australia. David, in fact (1932, Table D) 
referred to these Queensland beds as “‘Paragastrioceras (?) beds of Mt. 
Britton.” 

It is an interesting fact, already noticed by Raggatt and Fletcher 
(1937, p. 182) that Eurydesma is apparently absent from Western 
Australia. The reason for this is not obvious. Eurydesma is usually 
regarded as a typical cold-water fossil. Yet, it is absent from the 
glacial deposits in Western Australia and it is found in the non-glacial 
lower Bowen series of Queensland. Two specimens from the Byro 
series (?) of the Wooramel River country in the Oil Search Collection 
kept in the Commonwealth Palaeontological Collection at Canberra 
have been determined by F. Chapman as Eurydesma cordatum and 
O. Fletcher thinks that this identification may be correct. The speci- 
mens are immature individuals and additional material will be neces- 
sary before the occurrence of Eurydesma in Western Australia can be 
definitely established. 

However, even in the absence of reliable paleontological data 
there are certain outstanding features in the succession in various 
parts of Australia to which attention should be called. Even if one is 
disinclined to stress the importance of diastrophism in correlation, 
there is a remarkable rhythm of sedimentation in most parts of Australia. 
The most complete Western Australian succession of strata, as found 
in the Kimberley district, in a general way shows great similarity with 
that of New South Wales. The double rhythm above the basal tillites 
of marine and continenta] strata (lower Marine-lower Coal Measures- 
upper Marine-upper Coal Measures) corresponds with conditions 
in the Kimberley district and from this point of view the correlation 
set forth in Figure 6 has been suggested. A somewhat similar correla- 
tion had already been proposed by David in 1932 (Table E) on the 
basis of less complete information available at that time. In the 
Queensland section the marine, non-glacial, lower Bowen series is 
followed by the fresh-water beds of the lower middle Bowen and in 
turn by the marine strata of the upper middle Bowen which contain 
one glacial horizon. The sequence closes with the fresh-water upper 
Bowen series. 

In spite of the many local variations in the Tasmanian sequences, 
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Some Australasian UPPER PALAEOZOIC Correlations 
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described by Voisey (1938), the same rhythm is noticeable almost 
everywhere in Tasmania: glacial beds at the base, followed by richly 
fossiliferous beds (Granton stage of southern Tasmania, lower Latrobe 
stage of northern Tasmania, ef cetera) in turn followed by fresh-water 
beds and Coal Measures (Porter’s Hill stage of southern Tasmania, 
Mersey Coal Measures of northern Tasmania, Mt. Pelion Coal Meas- 
ures of western Tasmania). In some parts of Tasmania the fresh-water 
beds are overlain by marine beds (Grange, Woodbridge, Lindisfarne 
stages of southern Tasmania, upper Latrobe of northern Tasmania) 
and these marine beds are in southern Tasmania followed by the 
Cygnet Coal Measures which form the top of the sequence. 

Voisey .cautiously refrains from detailed correlation between the 
Tasmanian section and that of New South Wales, but on the other 
hand the close analogies in the sequences of widely separated parts of 
Australia can hardly be accidental. The North-West Basin of Western 
Australia is the only region in Australia where the upper Paleozoic is 
represented by an entirely marine facies. 

With these considerations in mind, it is proposed to correlate in 
a general way all Western Australian series up to and including the 
Fossil Cliff, Callytharra, and Nura Nura series with the lower Marine 
of New South Wales, the Irwin River Coal Measures, the lower Byro, 
Bulgadoo, and lower Ferruginous series with the lower or Greta Coal 
Measures, the Irwin River “upper Marine,” the upper Byro, Cund- 
lego, Wandagee, Nooncanbah, and upper Ferruginous series with the 
upper Marine, and the Erskine (and possibly Kennedy) series with 
the upper Coal Measures. 

This proposed correlation does not impiy that, for example, the 
sedimentation of the lower Ferruginous in the Kimberley commenced 
at exactly the same time as that of the lower Coal Measures in New 
South Wales, nor that the period of sedimentation of these two series 
coincided completely. It implies, however, that earth movements 
which brought about the end of marine sedimentation occurred at 
approximately the same time in the Kimberley district, in New South 
Wales and elsewhere in Australia, although there must have been dif- 
ferences in the rate and duration of such movements in different parts 
of the continent. 

The evidence of the distribution of glacial sediments is not in dis- 
agreement with this proposed correlation. Conditions of glacial sedi- 
mentation in New South Wales are evident throughout the Lochinvar 
and Allandale stages of the lower Marine. In the Kimberley district 
glacial conditions continued to the end of lower Marine time. Then 
followed the interglacial break of lower Coal Measure time, when the 
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lower Ferruginous, the Bulgadoo, lower Byro, and Irwin River Coal 
Measures were formed in Western Australia. Glacial sedimentation 
is again prominent through almost all the upper Marine in New South 
Wales, and occurrences of glacial sediments are recorded from the 
Irwin River “upper Marine,” from the middle Byro, and also from 
the upper middle Bowen of Queensland as well as from the Wood- 
bridge glacial stage of southern Tasmania. It is, however, not proposed 
to correlate strictly the “upper” glacial horizons in Western Australia, 
Queensland, and Tasmania. The sediments of the upper Marine in 
New South Wales show that conditions for glacial sedimentation were 
present throughout this time and the glacial horizons in the other 
states might have been formed at any time during this period. On the 
other hand, it is conceivable that the horizons mentioned may mark 
a time of deterioration of climate and increase of glaciation in which 
glacial sedimentation spread to areas outside New South Wales which 
were normally not affected. 


FOREIGN CORRELATIONS 


Although the Carboniferous-Permian boundary has been much 
discussed in recent literature, the present state of affairs is far from 
satisfactory as is best illustrated by looking through the abstracts of 
the papers on this subject presented to the International Geological 
Congress at Moscow, 1937 (see also Williams, 1938). Unless an author 
defines clearly his conception of the terms ‘‘Carboniferous” and “‘Per- 
mian” mutual understanding is made difficult. Expressions like 
“lower Permian” and “middle Permian” have become ambiguous, 
and Elias’ proposal (1937, p. 210) to use preliminary designations 
such as “‘Uralo-Permian” and “‘Artinsko-Permian”’ to indicate whether 
or not an author is prepared to include the Uralian and its equivalents 
in the Permian seems to have gained little support. Dunbar has re- 
cently (1940) given a lucid account of the problems involved in the 
question of the Permo-Carboniferous boundary and in a very precise 
manner contrasted the underlying philosophy of two schools who ap- 
proach these problems each in its own way. The one to which Pro- 
fessor Dunbar himself belongs, “believes that the larger stratigraphic 
units are natural, at least in large parts of the world, being separated 
by hiatuses due to widespread (though not necessarily universal) 
continental emergences.’’ To the other school a geological system is 
an artificial unit and any boundary is satisfactory so long as it is 
agreed upon by all or at least by a majority of specialists in that par- 
ticular field. The case for this latter school to which the writer per- 
sonally adheres has been most ably stated by Pia in a paper in 1937. 
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In order to achieve conformity with the opinion of a majority of 
American geologists and of a number of Soviet geologists, the Car- 
boniferous-Permian boundary will in this paper be drawn below the 
Sakmarian. 

The question of how much, if any part of the “Permo-Carbonifer- 
ous” sequence in Australia must be assigned to the Carboniferous and 
how much to the Permian is being increasingly discussed, and was 
given special attention at the Canberra meeting of the Australian and 
New Zealand Association for the Advancement of Science in January, 
1939. It has long been customary to assign the main glacial series at 
the base of the New South Wales sequence to the Carboniferous, a 
view in later years still maintained among others by David (1932) 
and by Du Toit (1937). On the other hand, Raggatt and Fletcher, in 
1937, advocated the inclusion of all the New South Wales section in 
the Permian, as had already been done by Schuchert (1928, 1935), 
and the same claim was made with regard to the Kimberley section 
by Wade in 1938. Furthermore, Raggatt and Fletcher claimed that no 
Carboniferous was represented in the North-West Basin of Western 
Australia and that lower, middle, and upper Permian were repre- 
sented here. They did, however, omit to state which interpretation 
of the Carboniferous-Permian boundary they were prepared to adopt. 
Clarke (1938a) was the first to indicate that there might be a great 
thickness of Artinskian beds in Western Australia, and in 1939 and 
1940 (p. 142), the writer suggested that no marine faunas younger 
than Artinskian were represented in Western Australia, and probably 
in Australia in general, a view which was also supported by Raggatt 
(1939). Dorothy Hill, in the same year, maintained that all pre-Artin- 
skian strata of Australia should still be included in the Carboniferous. 

Without further preliminaries the writer proposes now to weigh the 
evidence afforded by Western Australian faunas which contain some 
groups of fossils well suited to the purpose of foreign correlation. 

Perhaps the most important index fossil of Western Australia is 
Helicoprion davisit which occurs near the base of the Linoproductus 
stage of the Wandagee series in the North-West. This horizon is about 
7,500 feet above the base of the upper Paleozoic sequence in the 
North-West. Elsewhere the writer has discussed (1940a) the close 
relationships between Helicoprion davisii and Helicoprion bessonowi 
from the Artinskian of the Urals and there can be little doubt that the 
Helicoprion bed of the Wandagee series is Artinskian in age. This is 
also supported by the occurrence of typical Paragastrioceras at ap- 
proximately the same horizon, a genus which, in its restricted sense, is 
elsewhere known only from Artinskian beds of the Ural Mountains 


(see Miller and Furnish, 1940, p. 84). 
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Helicoprion occurs in strata which are here regarded as the equiva- 
lents of the highest part of the Nooncanbah series of the Kimberley 
district. Above this horizon there are more than 1,000 feet of marine 
sediments in the North-West and about 1,400 feet of marine sediments 
in the Kimberley district. In the North-West there is no appreciable 
change of fauna in these higher beds. New species of brachiopods and 
corals are introduced, but on the other hand numerous brachiopods 
seem to continue throughout the series, for example, Dictyoclostus 
gratiosus which occurs at horizons of the Calceolispongia and of the 
Linoproductus stage. Also, the foraminiferal fauna of the Linopro- 
ductus stage has species in common with earlier stages of the Wandagee 
series. A species of Propinacoceras which appears in the Calceolis pongia 
stage is still found in the middle Linoproductus stage. The continuity 
of the fauna is such as to make an Artinskian age also for the re- 
mainder of the Linoproductus stage above the Helicoprion bed the 
only likely assumption, whereas the paleontology of the Kennedy 
series is as yet too insufficiently known to allow any definite corre- 
lation. There is, however, no stratigraphical break between the Wan- 
dagee and Kennedy series. 

Unfortunately, the exact sequence of fossil zones in the upper 
Ferruginous series of the Kimberley district has not yet been worked 
out. Since at least the lower part of the upper Ferruginous must be 
regarded as an equivalent of the Linoproductus stage in the North- 
West, an Artinskian age must be assumed for this part of the upper 
Ferruginous. The upper Ferruginous series closes, however, with beds 
containing Verbeekina and Neoschwagerina, two genera indicating a 
post-Artinskian age of these strata. It is true that Thompson (1936b) 
thought that Verbeekina must have originated in the “middle Per- 
mian” (Artinskian), but so far no species of this genus are known from 
that time. J¢ is therefore most likely that the Artinskian-Kungurian 
boundary must be drawn somewhere through the upper Ferruginous and 
this boundary may coincide with the boundary between the Wanda- 
gee and Kennedy series in the North-West. At any rate, the writer’s 
previous statement that no marine strata younger than Artinskian in 
age are represented in Western Australia must now be amended to 
read that only a small thickness of strata at the top of the marine 
sequence in Western Australia is younger than the Artinskian. Only a 
few hundred feet of sediments are involved and there is no indication 
of a stratigraphical break between Artinskian and post-Artinskian 
strata. Marine sedimentation must have come to a close soon after the end 
of Artinskian time. 

The next question is: when did sedimentation in Western Australia 
begin? The lowest glacial beds are everywhere unfossiliferous. How- 
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ever, at the Irwin River Metalegoceras jacksoni makes its first appear- 
ance about 1,000 feet above the base of the glacials. It has been sug- 
gested in a preceding paragraph that the Metalegoceras beds of the 
Irwin River were laid down at the same time as the upper part of the 
tillites of the Lyons series and as the upper glacial series (Grant Range 
beds) of the Kimberley district. Metalegoceras is a characteristic fossil 
of the Sakmarian as well as of the Artinskian and RuZencev (1936, 
p. 495) reports the occurrence of a “‘Metalogoceras jacksoni Eth. n. 
var.” in dolomites of Artinskian age from the Aktiubinsk district of 
the Ural Mountains, so that the Metalegoceras beds of the Irwin River, 
although stratigraphically about 6,500 feet below the Helicoprion 
horizon of the North-West, might still be Artinskian in age. On the 
other hand, it must be remembered that Metalegoceras jacksoni, as 
Miller (1932) has pointed out, is a rather primitive representative of 
the genus in that the pair of lobes just dorsal of the umbilicus is less 
developed than in other species of the genus. Since then, RuZencev 
(1938, p. 278) has described a still more primitive species from beds 
of middle Sakmarian age (Metalegoceras distale). The state of develop- 
ment of Metalegoceras jacksoni suggests, therefore, a Sakmarian rather 
than an Artinskian age of the Metalegoceras beds of the Irwin River. 
This is also the opinion of Miller and Furnish who have recently 
stated their opinion (1940, p. 26) that Metalegoceras jacksoni “‘pre- 
sumably is Lower Permian’”—that is, Sakmarian. Also, the great \ 
thickness of strata involved (more than 7,000 feet from the lowest 
Metalegoceras horizon to the top of the Wandagee series) makes it 
seem likely that more than the Artinskian only is represented in West- 
ern Australia. The question where the boundary between the Sak- 
marian and the Artinskian could be drawn in this country will be dis- 
cussed later. It is not possible to say whether the beginning of glacial 
sedimentation in Western Australia coincided exactly with the base of 
the Sakmarian. It must be recalled that it is not even certain whether 
glacial sedimentation commenced simultaneously everywhere in West- 
ern Australia, but it can be assumed with some degree of confidence 
that the processes which led to the deposition of glacial sediments began to 
operate somewhere around the beginning of Sakmarian time, that is, if 
the Sakmarian is accepted as the lowest member of the Permian system, 
glaciation began in very early Permian time or at a time only very slightly 
preceding the beginning of the Permian. 

The general evidence furnished by Western Australian faunas is 
in agreement with these conclusions. 

Timor is geographically closer to Western Australia than any other 
area with well developed late Paleozoic faunas, but unfortunately 
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great differences exist in the composition of the faunas in these two 
areas. An excellent account of the Timor fauna has been given by 
Wanner in 1926. Echinoderms and cephalopods are among its most 
prominent groups and with a few significant exceptions, both are but 
sparsely represented in Western Australia where a brachiopod and 
bryozoan facies predominates. Owing to our incomplete knowledge of 
Western Australian faunas it is not yet possible to appreciate these 
differences properly. 

The crinoid Calceolispongia is common in Western Australian and 
Timor beds and is elsewhere known only from the marine Umaria 
stage in the lower Barakar of Peninsular India. In Timor the genus 
is represented by a number of species in the Bitaoeni and Basleo 
beds. However, the evolutionary trend of the genus in Timor and 
Western Australia is different. Calceolispongia cornuta from the 
Bitaoeni beds is very similar to an undescribed species in the Calceo- 
lispongia stage of the Wandagee series, but in later beds the species 
diverge greatly in both areas. 

Metalegoceras is known from the Somohole and Bitaoeni, but not 
from the Basleo, of Timor, and is most prominent in the basal part 
(Lidak zone) of the Bitaoeni (Simons, 1940, p. 128) but none of the 
Timor species is very similar to any of the Western Australian species. 
In Western Australia, the genus is restricted to the “lower Marine,” 
namely, to the Metalegoceras beds of the Irwin River and to the Nura 
Nura limestone of the Kimberley. The “upper Marine” ammonoids 
of Western Australia belong to species of Propinacoceras, Pseudo- 
gastrioceras, and Paragastrioceras. The first two genera have a com- 
paratively long range in the Permian, but are particularly abundant 
in Artinskian and slightly younger deposits. Paragastrioceras is re- 
stricted to the Artinskian. 

As regards the corals, D. Hill (1941) points out the resemblance in 
a general way between the Western Australian species and those of the 
Bitaoeni and Basleo of Timor, but no identical species are known from 
these regions. 

Among the productids (Prendergast, 1941), Dictyoclostus gratiosus 
is common to the Wandagee series, the Bitaoeni and Basleo beds, and 
to the middle Productus limestone of the Salt Range of India, Dictyo- 
clostus spiralis is found in the Callytharra series, the Basleo beds, and 
in the lower Productus limestone, Waagenoconcha vagans in the upper 
Ferruginous series and in the middle Productus limestone, Waageno- 
concha imperfecta in the upper Ferruginous series and in the Basleo 
beds and Strophalosia tenuispina in the Fossil Cliff limestone, in the 
Chonetes bed at Amb, and in the lower Productus limestone. 
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In general, it may be concluded that equivalents of the Somohole, 
Bitaoeni, and some part of the Basleo are found in Western Australia. 
Also it seems probable that equivalents not only of the lower, but 
also of the middle Productus limestone are represented in Western 
Australia. The latter is the approximate equivalent of the Basleo of 
Timor (Wanner, 1931). In addition to the brachiopods mentioned the 
bryozoan Dybowskiella can be quoted which does not appear in the 
Salt Range before the middle Productus limestone and which is listed 
by Raggatt and Fletcher (1937, p. 171) from the Callytharra and basal 
Byro beds. It also occurs in the Linoproductus stage of the Wandagee. 
In spite of the tendency in recent correlation tables (Fox, 1930; Schu- 
chert, 1935) to correlate the upper Marine of New South Wales with 
the lower Productus limestone it is more likely that the higher parts 
of the marine sequences in eastern and western Australia also include 
some equivalents of at least the lower part of the middle Productus 
limestone, for example of the Bellerophon bed at the base of this 
series. In this connection it may be significant that Bellerophontidae 
closely related to middle Productus limestone forms occur in numbers 
in the middle and higher parts of the Wandagee series. The presence 
of two identical species of productids in the lower Productus limestone 
and in the Fossil Cliff and Callytharra series suggests that these series 
should be included in lower Productus limestone correlates. 

Reed, Cotter, and Lahiri (1930) have shown how gradually the 
Productus limestone fauna appears in the upper part of the underlying 
Punjabian (Speckled sandstone) and we are at once reminded of the 
similar gradual appearance of the Fossi) Cliff-Callytharra fauna in the 
upper parts of the Metalegoceras and Lyons series. 

The absence of the Eurydesma fauna from Western Australia 
makes correlation with eastern Australia and with the Salt Range 
somewhat difficult, but there can be little doubt that the Metalego- 
ceras beds of the Irwin River are the equivalents of some part of the 
Punjabian, corresponding to the Speckled sandstone of the Salt Range 
and to the Agglomeratic shales of Kashmir. These series should then 
be of Sakmarian age and the boundary between the Sakmarian and 
Artinskian should, in Western Australia, be drawn beneath the Fossil 
Cliff, Callytharra, and Nura Nura series, for the base of the lower 
Productus limestone is marked by the arrival of Parafusulina (Dun- 
bar, 1933, 1940) and is therefore undoubtedly Artinskian. 

These conclusions find support in Walkom’s correlation (1930, p. 
166) of the lower Coal Measures of New South Wales with the middle 
Ecca of South Africa. The Ecca series is in a general way correlated 
with the lower Productus limestone (Schuchert, 1928; Fox, 1930), and 
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paleobotanical evidence thus points to a correlation of the upper 
part of the lower Marine and of the lower part of the upper Marine 
with the lowermost and the uppermost parts of the lower Productus 
limestone, respectively, leaving room for the higher upper Marine of 
Australia to be correlated with the lower part of the middle Productus 
limestone. Also, Gothan’s conclusion (1931, p. 306) that the beginning 
of the Glossopteris is not earlier than Stephanian agrees well with the 
paleozodlogical evidence previously discussed. If the beginning of the 
glaciation is approximately early Sakmarian, the first occurrences of 
the Glossopteris flora in the Salt Range, Kashmir, and New South 
Wales are late Stephanian in the continental time-scale. This conclu- 
sion applies only to the well defined floras which appear at some dis- 
tance above the base of the glacials. That the beginning of the Glossop- 
teris flora may go back to the beginning of the glacial period, or even 
slightly precede the latter, has recently been emphasized by Sahni 
(1939). 
UNITY OF PERMIAN ICE-AGE IN AUSTRALIA 

It is now a well established fact that the main glaciation of the 
Southern Hemisphere in the late Paleozoic was preceded by local gla- 
ciations in eastern Australia and in Argentine of about middle Car- 
boniferous age. In New South Wales these Carboniferous Kuttung 
glacials are younger than the marine Burindi series in the basal part of 
which goniatites of upper Tournaisian age are known to occur (Delé- 
pine, 1940). The correlation of the upper Burindi with the Viséan 
(Carey and Browne, 1938) is thus substantiated, and the middle Car- 
boniferous or Namurian age of the Kuttung glacials seems to be 
unchallengeable. This was already proposed by Carey in 1938 who 
also showed that the Kuttung glaciation must have been a process of 
repeated advances and retreats of the ice, as climatic changes were 
clearly indicated in the sediments of the Werrie Basin of New South 
Wales where the Kuttung series can be studied particularly well. 
The Kuttung glaciation thus took place at the time of the deposition of the 
Moscovian series in European Russia and falls in Dunbar’s Fusulina 
zone of the marine sequence of Russia and the United States (Dunbar, 
1940). 

In the Hunter River district of New South Wales the Kuttung 
glacials are conformably overlain by the Lochinvar tillite of the lower 
Marine. This mode of superposition alone makes it unlikely that a 
very considerable time elapsed between the deposition of the two 
series. It has been indicated in a previous paragraph that the Lochin- 
var glaciation began early in, or perhaps even slightly prior to, Sak- 
marian time. The interval between the Kuttung glacials and the earli- 
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est Lochinvar glacials, therefore, corresponds with not more than Dun- 
bar’s Triticites zone of the marine sequence of the northern hemi- 
sphere, or with the Westphalian and perhaps part of the Stephanian of 
the continental sequence. We know nothing of the history of any part 
of Australia during this interval and it is not impossible that glacial 
conditions might have continued, even if this does not appear from 
the sedimentary record. This possibility has already been indicated 
by Walkom (1930, p. 167). 

The sequence of the following events in Australia has often been 
pictured as a series of glaciations interrupted by long interglacial 
stages, extending over a considerable period of time. Thus, Salomon- 
Calvi, in his excellent summary of the Permo-Carboniferous glacia- 
tions (1933, p. 140), speaks of “‘five, if not six, great glaciations, sepa- 
rated by very long interglacial periods” in Australia, which in Schu- 
chert’s opinion were so long (1932, p. 547) that these ice-ages “cannot 
be regarded as recurrences of cold times spaced in chronogenesis as 
were those of Pleistocene time.”’ 

This extreme view is hardly tenable. Although the time from the 
beginning of the Sakmarian to the end of the Artinskian was, presumably, 
considerably longer than the Pleistocene period, the general course of both 
glaciations has probably been similar. 

Our previous discussions of the age of the Western Australian de- 
posits and their correlation with strata elsewhere in Australia tend to 
show that after the first climax of glaciation early in Sakmarian time 
the climate must have improved gradually during the Sakmarian and 
the early Artinskian, when glacial sedimentation was gradually re- 
stricted to the Kimberley district. There was a general, rather marked, 
but short interglacial stage in the Artinskian, indicated by the Greta 
Coal Measures of New South Wales, the Irwin River Coal Measures 
of Western Australia, and their equivalents elsewhere, and a new glacial 
stage later in the Artinskian which probably came toa close at the be- 
ginning of Kungurian time. This late Artinskian glaciation was much 
less severe. It is mostly in evidence in the Hunter River district of New 
South Wales, but at some time or other glacial sedimentation also 
spread to Western Australia, Queensland, and Tasmania, perhaps 
indicating one short major stage of the late glacial phase. These might 
not have been the only variations of climate. The course of events 
might well have been one of repeated improvements and deteriora- 
tions of climate on a minor scale, which we can not yet follow in detail. 

Furthermore, we recognize the important fact that the rich warm- 
water faunas of the Permian Tethys only reached their full develop- 
ment during the later, milder stages of the glaciation in Australia. 
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Conditions were not as Gerth pictures them in 1926 (p. 13): a rich 
warm-water fauna populating the Timor geosyncline at the time when 
the entire Southern Hemisphere was covered by an extensive ice- 
sheet. Only the Somohole fauna is contemporaneous with the main 
Sakmarian glaciation. By the time the much richer Artinskian Bitao- 
eni fauna was introduced into the Timor geosyncline, refrigeration in 
Australia was much less severe. A marked interglacial period occurred 
in Australia during part of Bitaeni time and glaciation had ceased in 
all the other countries that were under ice in Sakmarian time. 


WESTERN AUSTRALIA AND ‘‘SGONDWANALAND”’ 


The interpretation of the late Paleozoic history of Western Austra- 
lia is of considerable interest in connection with the reconstruction of 
Gondwanaland. When the idea of Gondwanaland was first clearly 
conceived by Eduard Suess, it was thought that a great land mass 
existed in Paleozoic and early Mesozoic time, comprising parts of 
South America, the greater part of Africa, Peninsular India, and West- 
ern and Middle Australia, which were then connected by huge land 
masses where now the South Atlantic and the Indian Ocean are situ- 
ated. This idea is best expressed on Haug’s paleogeographical map of 
the “Anthracolithic period” (1911). It was then thought that all 
these countries were characterized by purely terrestrial (including 
glacial) deposits of Carboniferous, Permian, and Mesozoic age. On the 
other hand, four years after the publication of Haug’s Traité, Wegener 
published his well known map of the Paleozoic ‘“‘Pangaea”’ in which 
the existence of former land bridges across the Atlantic and Indian 
oceans was denied (Wegener, 1915). However, by that time marine 
“Carboniferous” faunas were already known from Western Australia ~ 
and the existence of a land connection between Australia and India 
had been seriously questioned by Koken as early as in 1907. 

Wegener’s ideas of continental drift, in part greatly modified, 
served as the basis for attempts at paleogeographical maps of Gond- 
wanaland by Argand in 1922, by Brooks in 1926, by Salomon-Calvi 
in 1933, and by Du Toit in 1937. Among the more conservative re- 
constructions Schuchert’s maps of 1928, 1932, and 1935 must be men- 
tioned. On the later of these maps, the ‘“‘bridge” between Australia 
and India has dwindled to a rather insignificant tongue stretching a 
little more than half way from India toward Australia and occupying 
a position close to the Malay Peninsula, Sumatra, and Java. On simi- 
lar lines Willis, in 1932, tried to establish an “East Indian Isthmus,”’ 
comprising Java, Flores, Timor, and the islands of the outer Banda 
arc, as well as a number of northern islands of the East Indian Archi- 
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pelago. Born, in 1932, abandoned the idea of any land connection 
between India and Australia, although with some hesitation. Also, 
Case, in 1926, mainly on account of the distribution of Paleozoic tetra- 
pod life, claimed the non-existence of land connection between India 
and Australia during the Paleozoic. Tillyard and Wade suggested a 
land connection between the southwest corner of Australia (Cape 
Leeuwin) and Madagascar (Wade, 1939). 

Two facts stand out clearly: the connection of Western Australia 
with other Gondwana countries must have been sufficiently close to 
permit the Glossopteris flora to spread to Australia but must have been 
insufficient to provide a migratory route for any large-scale invasion 
of tetrapod life. 

It is now evident that a continuous trough of sedimentation existed 
along the western margin of the Australian shield from at least early 
Sakmarian time into Kungurian time. This trough reached southward 
at least as far as the Irwin River; if it extended still farther south its 
sediments must now be buried by the Mesozoic and Tertiary sedi- 
ments of the southwestern coastal plain. There is evidence that the 
northern part of this trough came into existence in Middle Devonian 
time. The thickness of beds, in places 10,000 feet of upper Paleozoic 
rocks alone, in conjunction with the fact that the beds in most places 
were formed in a short time under shallow-water marine, or estuarine 
and lacustrine, conditions, indicates considerable crustal mobility, 
characteristic of geosynclinal belts. In addition to the geosynclinal 
character of the sedimentation there has been a noticeable tangential 
movement in this belt. It is not intended to give a detailed picture of 
the structural history of the region, but it may be mentioned that, in 
the Kimberley district, Wade noted considerable folding activity 
during the Devonian which continued during the Carboniferous and 
Permian. In the North-West post-Permian folding is evident which 
has probably also affected the Irwin River area. Further folding in the 
North-West took place in late Tertiary, probably Pliocene, time when 
the Cretaceous and Tertiary sediments were thrown into a series of 
gentle anticlines and synclines, trending approximately north and 
south. 

After consideration of all these facts, it becomes evident that the 
present western margin of the Australian pre-Cambrian platform is a 
very old line of demarcation. During the Mesozoic and Tertiary the 
area of the Westralian geosyncline was subjected to numerous marine 
transgressions and, in spite of many gaps in the sequence, it provides 
the most complete marine record of these times anywhere in Australia 
(Teichert, 1939c). This trough is continuous with the Timor-East 
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Celebes geosyncline of the East Indies the history of which has re- 
cently been described by Umbgrove (1938). This continuous trough 
has received sediments from the Australia-New Guinea shield, in 
some parts since the middle Paleozoic, in others since upper Paleozoic 
and throughout Mesozoic and Tertiary time. 

These facts are a serious objection to any East Indian isthmus 
connections between Australia and Asia, quite apart from the fact 
that such an isthmus in the sense of Willis is disproved by at least 
one of the features which it obviously wants to explain: the arrival of 
the Glossopteris flora in Australia. An East India isthmus would have 
brought the Sumatran Gigantopteris flora, not the Indian Glossopteris 
flora, to this continent. This Gigantopteris flora, which was described 
in detail by Jongmans and Gothan in 1935, is found in beds overlying 
the marine Telok Gedang strata which contain fusulinids of definitely 
Sakmarian age (see Thompson, 1936a), and must, therefore, be of late 
Sakmarian or, more likely, of early Artinskian age.’ At this time the 
Glossopteris flora was already established in Australia. It should in 
this connection be mentioned that Kuenen, in his geological analysis 
of the bathymetric conditions of the East Indies (1935), found no evi- 
dence to support the assumption of former east-west land bridges or 
isthmuses in this region. 

In order to explain the existence of the Glossopteris flora in Aus- 
tralia it is, however, not necessary to assume the existence of any 
direct land connections between Western Australia and any land at 
the west. The whole problem of the distribution of this flora has been 
somewhat simplified since Virkki’s discovery of winged “‘pollen- 
grains” of Glossopteris in the basal tillite series of India and Australia 
(1937, 1939). The dispersion of such spores would not have been pre- 
vented by the Westralian-Timor-East Celebes trough but, on the 
other hand, even spores would have found it difficult to bridge a gap 
of the size of that between India or any of the other Gondwana coun- 
tries and Western Australia of the present day. Also, the fact that 
many species of the Gondwana floras of India and Australia are identi- 
cal, makes it necessary to assume that free exchange of spores be- 
tween the two regions was possible. 

The problem thus remains that, while Australia undoubtedly was 
separated from the other Gondwana countries at least since the be- 
ginning of the Sakmarian glaciation, it can hardly have had a geo- 
graphical position as isolated as that of the present day. There must 
have been fragments of ‘‘Gondwanaland” closer to Australia than 
either India or Madagascar at the present time. However, it is not 


7 For stratigraphic relations, compare Zwierzycki, 1935. 
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proposed to enter the speculative field in this article and the writer 
concludes by pointing out a few indisputable facts which emerge from 
the stratigraphical study of Western Australia. 

1. The geographical connections between Australia and the eastern 
part of the East Indian Archipelago date back at least to the later 
part of the Paleozoic. The relative geographical position of these two 
regions since that time must have been more or less the same as now. 

2. Attempts at a reconstruction of Gondwanaland in which West- 
ern Australia is placed alongside Peninsular India can be dismissed. 
Umbgrove (1937) has already drawn attention to important differ- 
ences in the geological structure of the corresponding coasts of India 
and Australia and these differences are now even more obvious. The 
closest similarities between strata on the east coast of India and on 
the west coast of Australia are observed in late Cretaceous (Mae- 
strichtian) time when an almost identical ammonite fauna is found 
in beds of corresponding age (Valydayur group of Trichinopoly dis- 
trict and upper Cardabia series of Western Australia (Spath, 1940). 

3. No evidence is found in Western Australia to support either 
Du Toit’s supposed “northerly creep” of Australia in Tertiary time 
or Kuenen’s “anti-clockwise rotation” of this continent. 
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SOME PROBLEMS OF APPALACHIAN STRUCTURE! 


R. E. SHERRILL? 
Pittsburgh, Pennsylvania 


ABSTRACT 


The Appalachian foreland lies north and west of a closely folded and faulted 
mountain zone. The search for oil and gas production from deeper formations has em- 
phasized the importance of an understanding of the structure of this area. This struc- 
ture is much more complex than was formerly supposed. That the stresses active in 
forming the foreland folds and faults represent principally the diminishing activity of 
the deforming thrusts of the associated mountains is the usual assumption, but little is 
known of the mode of transmission and application of these stresses. 

The origin of the structures, the effects of rotational stresses, the dates of deforma- 
tion, and the shape and downward change in position and intensity of the folds are dis- 
cussed from the standpoint, of problems which have received insufficient attention and 
on which more data are needed. It is thought that an appreciation of these problems 
and of the general structural complexity of the area may result in a search for, and 
analysis of, data that will lead to their solution. 


INTRODUCTION 


The search for oil and gas production from deeper formations in 
the Appalachian province has emphasized the importance of a better 
understanding of the structure of this area. Most of the old shallow 
oil and gas pools of Pennsylvania and adjoining states are of the 
stratigraphic type. They are “‘sand-condition” pools, and a knowledge 
of the structure would have been of little assistance in discovering 
them. In contrast to this most of the Oriskany pools and, assumably, 
those from deeper formations are of the structural type. Accumulation 
is modified by sand conditions, but a consideration of structure is 
fundamental to their discovery. 

Two structural zones have long been recognized in the Appa- 
lachians—a closely folded and faulted belt on the southeast and a 
bordering zone of diminishing intensity of deformation on the north- 
west. This bordering zone of mild deformation is the Appalachian 
foreland. The northern part of this foreland—extending from central 
West Virginia across Pennsylvania and into New York—is the area 
under consideration in this paper. 

The structures of this area are deceptive in that they are much 
more complex than at first appears. It is not the purpose of this paper 
to advance any particular theories regarding these structures, but it 
is intended to emphasize the fact that they are more complex than 
was formerly supposed and to indicate a few of the problems involved. 


1 Read before the Association at Chicago, April 11, 1940. Manuscript received, 
November 15, 1940. 


* Department of oil and gas production, University of Pittsburgh. 
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Before discussing these problems, however, it may be well briefly to 
describe the structures under consideration. 


DESCRIPTION OF STRUCTURES 


The Appalachian foreland is a broad, gentle, spoon-shaped syn- 
clinorium the lowest part of which is in northern West Virginia. It is 
sharply delimited from the more intensely deformed zone by the 
Appalachian structural front. 

It is characterized by long and locally sinuous folds which are 
approximately parallel with the structural front and with the axis 
of the synclinorium (Fig. 1). These folds rise and plunge in domes and 
saddles along their trend. They appear as gentle undulations of pro- 
gressively decreasing magnitude away from the structural front. 
Locally they offset in en échelon pattern and the sinuous trends may 
represent such offsetting at depth. As the folds decrease in magnitude 
they become more irregular in trend and in the northwestern part of 
the foreland they are very low and sinuous. In this outer part of the 
area north-south trends are locally well developed. This north-south 
influence may also be present in the more strongly folded area but is 
not clearly defined there. 

It was formerly supposed that these folds, like the steeper struc- 
tures southeast of the Appalachian front, are asymmetrical toward 
the northwest and migrate, with depth, toward the southeast. The 
apparent asymmetry of gentle folds is deceptive, however, because 
the effect of regional tilting is in the dips as mapped. When correction 
is made for this tilting, it is found that the folds here are basically 
asymmetrical toward the southeast. The anticlines are on the average 
about 1.3 times steeper on the flanks facing the more intensely de- 
formed mountains than on the outer flanks. The degree of asymmetry 
does not vary with the intensity of the fold or with distance from the 
structural front. 

As nearly as can be determined from the data now available the 
anticlines increase in intensity with depth and migrate away from the 
structural front. 

Surface faults of small displacement and local areas of abnormally 
steep dips are common but easily overlooked in the mapping. Drilling 
has supplied evidence of extensive faulting in the deeper formations. 
High-angle reverse faults dipping away from the structural front 
appear to be the most common type in the Oriskany. With one ques- 
tionable exception, these faults are, so far as known to the writer, 
limited to the southeastern flanks of the anticlines. 

Another feature pertinent to the consideration of these structures 
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is the well known fact that they correspond in position with a wedge- 
like thinning-out of sediments away from the deepest parts of the 
geosyncline. The sedimentary section extending from the lower Si- 
lurian to the lower Pennsylvanian thins northwest at a rate of 60-80 
feet per mile. From this fact it is concluded that late in the Paleozoic 
the deep Cambro-Ordovician limestones and basement complex had 
a southeastward regional dip of at least 60 feet per mile. 


DIRECTION OF STRESSES IN FORELAND 


Willis,’ in his classic studies on the mechanics of Appalachian 
structure, concluded that tangential stresses from the southeast were 
transmitted through competent Cambro-Ordovician limestones to 
form the overturned folds and reverse faults which characterize the 
intensely deformed zone. It is generally assumed that this thrust 
toward the northwest continued, with diminishing intensity, across 
the foreland and raised folds of progressively decreasing magnitude. 

In contrast to the concept of a northwest thrust are the gliding 
theories of Haarman*‘ and Bain.® According to these theories the active 
movement in the foreland was flowage of the sediments down the 
slope of the basement complex. Although not subscribing to these 
flowage theories, Chamberlin® also considers the possibility that the 
stresses in the foreland were directed toward the mountains; and 
southeastward movement here is in keeping with the compressive 
phase of crustal deformation as considered by Bucher.’ 

Neither the northwestward diminution in the intensity of def- 
ormation nor the southeastward asymmetry of the folds supplies 
satisfactory evidence on this problem. The northwestward decrease 
in folding is the expectable result of either a thrust from the southeast 
or of flowage of the sediments down the slope of the basement complex 
or of movement in the basement toward the deepest part of the geo- 
syncline. The slightly steeper southeast flanks of the folds, the down- 
ward crestal migration north and west, and high-angle reverse faults 
dipping away from the structural front are thought to be the results 


3 Bailey Willis, “Mechanics of Appalachian Structure,” U. S. Geol. Survey 13th 
Ann. Rept., Pt. 2 (1892), pp. 213-81. 


4E. Haarman, Die Oazillationstheorie, eine Erklarung der Krustenbewegungen von 
Erde und Mond. Stuttgart (1930). 

5G. W. Bain, “Flowage Folding,” Amer. Jour. Sci., Vol. 22, Ser. 5 (1931), pp. 
503-30. 

6 Rollin T. Chamberlin, “Isostasy from the Geological Point of View,” Jour. Geol., 
Vol. 39 (1931), pp. 19-22. 

7 Walter H. Bucher, The Deformation of the Earth’s Crust. Princeton University 
Press (1933). 
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of the wedge-like form of the sediments and bear no necessary relation 
to the direction of the deforming stresses.® 

Perhaps evidence bearing on this problem will be found in the 
comparatively unmapped outer part of the foreland. Active south- 
eastward movement—especially sediment flowage—should have left 
extensive tension fractures and faults in Ohio and northwestern Penn- 
sylvania. 


MECHANICS OF FOLDING 


If the usual assumptions that this area was deformed by a thrust 
from the southeast and that this thrust was transmitted through the 
deep Cambro-Ordovician limestones and the basement complex are 
correct, we are still left with the problem of the mechanics of the 
folding. 

The tangential stresses as calculated for the limbs of arches of the 
folds under consideration so greatly exceed the crushing strength of 
the materials involved as to lead to the conclusion that they must 
always have been supported from below. For example, Ashley® cal- 
culated a stress of about 1,000 times the crushing strength of the 
materials for the flanks of the Chestnut Ridge anticline near Punxsu- 
tawney, Pennsylvania. 

Perhaps this necessary support came through basement flowage 
resulting from the general shortening of the area. Such flowage into 
the growing anticlines may have been the dominant raising force and 
the réle of the “competent” beds have been primarily that of shaping 
the fold. Flowage through an isostatic type of adjustment, from below 
the synclines into the anticlines, may have been an accessory factor 
in raising the latter. In this connection it is noteworthy that profiles 
of the structures as they appear at the surface indicate, by the general 
uniformity of a syncline-to-syncline surface as compared with the 
irregular heights of the anticlines, that rise of the anticlines was the 
dominant movement in the deformation. These profiles also indicate, 
however, that sinking of the synclines did occur locally. 

Information on the amount of relief in the basement and the loca- 
tion of this relief with respect to the surface folds would go far toward 
clarifying our concept of the mechanics of the folding and of the deep 
tectonics of this area. 


®R. E. Sherrill, “Symmetry of Northern Appalachian Foreland Folds,” Jour. 
Geol., Vol. 42 (1934), pp. 225-47. 

® George H. Ashley, ‘“‘Studies in Mechanics of Allegheny Structure,” Science, N.S., 
Vol. 27 (1908), pp. 924-25. 
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ROTATIONAL STRESSES 


That rotational stresses must be considered in analyzing the de- 
formation of ‘this area is indicated by the arcuate form of the folds of 
both the foreland and the more intensely deformed zone on the south- 
east. This is also indicated by the varying intensity of folding in 
different parts of the foreland. 

As an example of this, the foreland seems to have been thrust 
farther northwest in southern than in central Pennsylvania—if it is 
assumed that the active movement was away from the structural 
front. The individual folds decrease in intensity from southern to 
central Pennsylvania and increase into northern Pennsylvania. The 
total surface shortening involved in the folding is about 1,000 feet in 
southern Pennsylvania and only about 50 feet in central Pennsylvania. 

The rotational effect incident to this difference in shortening may 
have been too slight to have caused any significant results. It may, 
on the other hand, have resulted in easier relief parallel with the folds 
than vertically. In the latter event vertical, or steeply inclined, north- 
south and east-west shear zones may be present at or below the sur- 
face. Such speculation might be carried further to include a hypo- 
thetical explanation of the en échelon offsetting, and the north-south 
alignment of domes and high points in synclines noted in parts of the 
area. It is a problem which has received little attention. 

The divergence in trend between the Cincinnati arch and the Ap- 
palachian folds has often been noted in the literature. An assumed 
northwest thrust in the foreland would, if continued to the north- 
south trending arch, meet it at an angle of about 65°. If the Cincinnati 
arch acted as a buttress, the compressional component perpendicular 
to it might explain the north-trending folds in the outer part of the 
foreland. If rotational movement parallel with the arch occurred, 
that is, if movement in the basement was deflected northward by the 
arch, north-trending shear zones, northwest tension fractures, and 
northeast-striking folds would be expected in Ohio and northwestern 
Pennsylvania. Isolated examples of all these structures have been re- 
ported or have been observed by the writer but sufficient data to 
determine that they are characteristic of this part of the foreland 
have not been assembled. 


DATE OF FOLDING 


The date of the deformation of the Appalachian foreland is another 
problem on which additional data are needed. 
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The youngest folded beds are Permian and it is rather generally 
assumed that the entire deformation here occurred during the Appa- 
lachian revolution at the close of the Paleozoic. Although this is prob- 
ably correct in so far as these youngest beds are concerned there is 
evidence that the older formations were gently folded periodically 
during the Paleozoic. 

One evidence suggestive of recurrent folding here is the presence 
of regional disconformities at several places in the section—notably 
at the base of the Pennsylvanian and in the lower part of the De- 
vonian. It does not seem probable that the strata passed through 
these periods of oscillation, tilting, and erosion without some folding. 

It is also noteworthy that steep dips and intricate folding and 
faulting appear to be characteristic of the Devonian shales where 
exposed in the water-gaps through anticlinal ridges. All such exposures 
which have been observed by the writer are immediately overlain by 
talus or other cover which precludes the possibility of definitely dating 
the folding. 

The more intensely deformed zone bordering the foreland is known 
to have been periodically deformed during the Paleozoic. Ashley’? has 
concluded “that each thick sandstone was the result of mountain 
making forces that acted on the shoreward edge of the rocks just laid 
down and folded and lifted them into mountains.” 

The downward increase in the intensity of folding and the pres- 
ence of faults which decrease or disappear upward are strongly sug- 
gestive of recurrent folding, but may be explained by adjustment in 
the thick Devonian shales. Whether or not the rate of downward in- 
crease is accentuated at the disconformities is not known. 

The general uniformity in the rate of thickening of the Devonian 
has been suggested as evidence that no significant folding occurred 
during or at the end of that period. The wells on which this is based 
are generally located on anticlines and are widely scattered. They do 
not satisfactorily demonstrate absence of thickening into the syn- 
clines. 

CONCLUSION 

In conclusion, it may be well to repeat that the primary objectives 
of this paper have been to emphasize the structural complexity of the 
Appalachian foreland and to mention some of the problems involved. 
The origin of the folds—including the direction of stress and the me- 
chanics of the folding—the effects of rotational stresses, and the date 
of the folding, were the problems selected for brief consideration. 


10 George H. Ashley, “Old Mountain Theories Are Challenged by New Findings,” 
Bull. Pennsylvania Dept. Internal Affairs (December, 1939). 
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These problems can not properly be limited to the foreland. They 
are parts of our entire concept of mountain deformation. The foreland 
problems have, however, received scant attention in the numerous 
theories of orogeny. 

Further geophysical, well-record, and general stratigraphic data 
are clearly needed in working toward a solution of these problems. 
Also important are the accumulation, correlation, and interpretation 
of data on the joints, local faults, and areas of exceptionally steep 
surface dips. It is also clearly necessary that each structure and each 
problem be considered as part of a large regional picture into which 
it must fit. 
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NEWMAN SALT DOME, WARREN COUNTY, 
MISSISSIPP? 
JOSEPH NEELY? 
Jackson, Mississippi 
Mississippi’s fifth shallow salt dome was discovered by the drilling 
of the Magnolia Petroleum Company’s Brown-Paxton No. 1, in Sec. 
12, T. 14 N., R. 4 E., Warren County, Mississippi. This test, located 
as the result of geophysical work, was abandoned as a dry hole on No- 
vember 23, 1940, after penetrating 293 feet into salt. After drilling 
1,620 feet into the Wilcox section, dolomitic sand was encountered at 
a depth of 4,935 feet, followed by porous broken dolomitic limestone 
at 5,055 feet, anhydrite cap rock at 5,086 feet, and finally salt at 5,108 
feet. The name which is used to designate this salt dome was taken 
from the town of Newman, located in the vicinity of the test. 


1 Manuscript received, January 29, 1941. 
? Magnolia Petroleum Company. 


TATUM SALT DOME, LAMAR COUNTY, 
MISSISSIPPL 
CECIL L. MORGAN? 
Jackson, Mississippi 

The Tatum Lumber Company’s W. S. F.Tatum No. 1, in Sec. 14, 
T. 2 N., R. 16 W., Lamar County, Mississippi, encountered salt at 
1,516 feet. This test proved the fourth interior shallow salt dome in the 
state of Mississippi. 

W. S. F. Tatum, president of the Tatum Lumber Company, 
planned a test at this location because he had noted a peculiar drain- 
age pattern surrounding an area in which pine seedlings would die after 
reaching a height of 2 or 3 feet. A seismograph survey of the area was 
made in 1940 and a location was recommended which coincided with 
the location which Tatum had planned to drill. 

This well was abandoned as dry on October 21, 1940, at a total 
depth of 2,077 feet, after penetrating 561 feet of salt. Circulation was 
lost at 939 feet and again at 1,092 feet. The anhydrite cap rock was 
encountered at 1,096 feet, near the base of the Catahoula formation. 


1 Manuscript received, January 29, 1941. 
2 Consulting geologist, 121 Sumner Street. 
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SILURIAN PRODUCTION, SHIPLEY 
FIELD, WARD COUNTY, TEXAS! 


C. D. CORDRY? anp M. E. UPSON? 
Fort Worth, Texas 


The development of production from the 7,000-foot level in a white 
limestone of Silurian age in the Shipley area of southeastern Ward 
County, Texas, represents the first commercial production found in 
the state from beds of this age. 

The Gulf Oil Corporation’s Wristen Brothers No. 5, located 2,332 
feet from the northwest line and 2,322 feet from the southwest line of 
Sec. 18, Block 5, H. & T. C. R. R. Company Survey, Ward County, 
Texas, was completed on December 13, 1940, in a pay zone between 
7,010 and 7,060 feet, after having been drilled to a total depth of 9,187 
feet and plugged back to 7,075 feet. Seven-inch casing was cemented 
at 6,968 feet, and after being acidized and thoroughly washed the 
well flowed 1,595 barrels of oil during a period of 12 hours. The gravity 
of the oil was 32° Bé. 

The area in which this deep test is located has been producing oil . 
from sandstone beds of the Whitehorse group for approximately 1o 
years, and numerous wells have been completed. The local structure 
contoured on the Yates sandstone shows a pronounced east-west 
trending nose, this well being located on the crest of the feature. 
Regionally, this structural feature occupies a position on the west 
flank of a series of large structures extending from north-central 
Pecos County northward into west-central Crane County. 

The Wristen Brothers No. 5 test penetrated a normal sequence of 
Triassic redbeds, Dewey Lake redbeds, Rustler formation, Salado 
and Tansill formations, and encountered the top of Yates sandstone 
at a depth of 1,825 feet. The base of the Whitehorse group was en- 
countered at approximately 2,900 feet. From 2,900 to 6,330 feet a suc- 
cession of dolomite and limestone beds of Permian age was penetrated. 
The lowermost 4o feet of this interval is conglomeratic and slightly 
shaly. 

Sedimentary rocks of Devonian age were penetrated from 6,330 
to 6,930 feet. This interval is readily divisible into three units: the 
upper from 6,330 to 6,550 feet, consisting of light gray to tan chert 
and very siliceous limestone; the middle from 6,550 to 6,750 feet is a 
predominantly brown chert and siliceous limestone, the lower go feet 
containing thin beds of dark gray shale; and the basal unit extending 


1 Manuscript received, January 29, 1941. 
2 Gulf Oil Corporation. 
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from 6,750 to 6,930 feet consists mainly of gray shale, some black 
shale, and dense buff to dove gray limestone with a 5-foot bed of 
maroon shale at the base. Small resinous spores are abundant in the 
black shale. 

The interval from 6,330 to 6,930 feet is correlated with the lower 
part of a section present between 10,167 and 11,153 feet in the Gulf 
Oil Corporation’s J. T. McElroy No. 103, located in the McElroy 
field in western Upton County, approximately 32 miles farther east. 

Approximately 600 feet of the formation encountered in the Mc- 
Elroy well has been removed by erosion where this test was drilled. 
However, the three lithologic units can be readily correlated with the 
lowermost part of the section present in the McElroy test. This cor- 
relation is based on certain lithologic characteristics exhibited by the 
cuttings and the insoluble residues. The top of the middle, or brown 
cherty unit, encountered in the Wristen test at 6,550 feet, was found 
in the McElroy test at 10,982 feet. The lowermost, or shaly unit, is 
almost entirely missing in the McElroy test. 

No fossil evidence other than the presence of spores was found in 
the cuttings from the Wristen test. However, the upper, or the fossil- 
bearing, part of the section encountered in the McElroy test is absent 
in this test due to erosion. The upper part in the McElroy test is fos- 
siliferous, the fauna consisting of brachiopods, crinoids, trilobites, 
bryozoans, and ostracods. The bryozoans and trilobites have been 
identified as Silurian or Devonian in age. The following ostracods have 
been identified: Thlipsura cf. furca, Bollia sp., and Phanassymetria 
sp. Thlipsura cf. furca and Phanassymetria sp. occur in abundance in 
the Haragan formation of Devonian age which crops out in the Ar- 
buckle Mountains of Oklahoma. This section under discussion is also 
believed to be a partial equivalent of the Caballos chert and novacu- 
lite exposed in the Marathon area of West Texas. 

From 6,930 to 7,110 feet in the Wristen test a white and slightly 
pinkish, coarsely crystalline limestone was encountered which can 
readily be divided into three lithologic units, namely: an upper white, 
coarsely crystalline, crinoidal limestone; a middle glauconitic lime- 
stone and shale; and a lower odlitic limestone. This limestone, with 
the aforedescribed units, can be correlated with an almost identical 
section in the McElroy test occurring between 11,153 and 11,346 feet. 
No diagnostic fossil evidence has been found in this section in either 
test, but due to the fact that it occurs between beds of definite Devo- 
nian and Ordovician age, and also because it has certain lithologic 
characteristics common to the Fusselman limestone of the trans-Pecos 
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region of Texas and the Chimneyhill limestone of the Arbuckle 
Mountains of Oklahoma, it is believed to be Silurian in age. 

The oil-bearing zone, occurring from 7,010 to 7,060 feet, was cored 
from 7,020 to 7,058 feet but recovery was very poor. The porosity 
probably is cavernous in type. The limestone is nearly pure, with 
practically no residue remaining after treatment with hydrochloric 
acid. 

From 7,110 to 7,375 feet a dark brown, slightly cherty limestone 
of Upper Ordovician age was penetrated. The rare brachiopod fauna 
present in this section has not been completely identified but possesses 
certain Ordovician characteristics. This section is also present in 
the McElroy test and in other tests where it has been preserved from 
erosion. It is lithologically similar to the Montoya and Maravillas 
formations of the outcrop with which it is correlated. 

Middle Ordovician, or Simpson sediments, were penetrated in this 
test between 7,375 and 9,002 feet and consist of alternating beds of 
limestone, shale, and sandstone. This thickness of 1,627 feet is one of 
the thickest yet penetrated in West Texas. It compares with 881 feet 
in the McElroy test, with which it is similar both faunally and litho- 
logically. Nearly goo feet of this section was cored to obtain accurate 
and detailed information on the character of the several sandy zones 
which were present. Four rather well defined sandstone zones were 
encountered, all of which were tightly cemented and some of which 
were shaly. Several disappointing drill-stem tests were taken in the 
better developed sand zones. These sandy zones are known to be per- 
sistent laterally and also known to vary in character within short 
distances, and equivalent sandy zones in both the uppermost and 
lowermost Simpson are known to be productive in near-by areas. 

Lower Ordovician (Ellenburger) dolomite was encountered at 
9,002 feet and drilled to a total depth of 9,187 feet. Fractured and 
porous dolomite and some oil stains were present. While taking a drill- 
stem test of the formation at the total depth the packer stuck and the 
drill stem parted. After numerous unsuccessful attempts were made to 
clean the hole it was decided to plug back and test upper showings of 
oil noted when drilling. 
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COLEMAN POOL DISCOVERY, 
ARCHER COUNTY, TEXAS! 


WARD C. BEAN? 
Wichita Falls, Texas 


The Shell Oil Company’s W. M. Coleman No. A-1, discovery well 
of the Coleman field, is 330 feet from the north line and ggo feet from 
the east line of Lot 3, Block 74, American Tribune New Colony Subdi- 
vision, east-central Archer County, Texas. The anticline on which this 
well is located was discovered by means of seismograph exploration, 
supported by subsurface data on shallow key beds. 

The surface elevation of the Coleman discovery is 963 feet and the 
surface rocks at the location are lower Permian in age. Strata of Per- 
mian and Pennsylvanian age were penetrated to a depth of 5,240 feet, 
black shales of probable Barnett age were drilled from 5,240 to 5,274 
feet, and Mississippian limestone was penetrated from 5,274 to 5,467 
feet. Circulation was lost at 5,467 feet and it is believed that the drill- 
ing tools encountered a crevice or cavern at that depth; total depth 
reached by the drill was 5,471 feet. 

Casing was set at 5,458 feet to ascertain the fluid content of the 
fissured limestone at the bottom of the hole. When the cement plug 
was drilled, the well flowed salt water at an estimated rate of 200 bar- 
rels per hour. 

The well was then plugged back and casing perforated opposite 
the upper part of the Mississippian limestone but no fluid was ob- 
tained at this level. The ‘‘Caddo” limestone, which had been reached 
at a depth of 5,009 feet, was then perforated and treated with 2,000 
gallons of acid. The well responded with an initial flow of 255 barrels 
of 43° gravity oil in 3 hours on October 17, 1940. The well also yielded 
gas at the rate of 1,717,000 cubic feet per day. 

Strawn sands at 3,648~-3,659 and 3,682-3,697 feet yielded 150 feet 
of oil and 500 feet of oil-cut mud in 15 minutes on a drill-stem test, 
indicating a second probable production zone for the field. 

Prior to the drilling of the Shell Oil Company’s Coleman A-1, sev- 
eral shallow dry holes had been drilled in the vicinity. The deepest of 
these was the Humble Oil and Refining Company’s Coleman No. 1, 
located about 1,200 feet southeast of the discovery and abandoned at 
a total depth of 2,300 feet. 

Two wells drilled subsequent to the discovery have given some in- 
dication of the potentialities of this new field. The Southern Petroleum 


1 Manuscript received, February 9, 1941. 
2 Shell Oil Company, Inc. 
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Exploration Company’s Wilson No. A-1, located 3,000 feet west of the 
Coleman discovery, encountered the ‘‘Caddo” limestone 137 feet 
structurally lower than in the discovery well but had an initial pro- 
duction of 130 barrels per day from that formation after acidization. 
The Shell’s Coleman No. B-1, located 1,000 feet northeast of the dis- 
covery well, found the ‘‘Caddo”’ limestone 37 feet structurally higher 
than in the discovery well. After treatment with 3,000 gallons of acid, 
this well flowed 625 barrels of oil in 8 hours with an estimated 5 mil- 
lion cubic feet of gas per day. 


PERMIAN CORRELATION MEETING, 
CENTENNIAL, WYOMING, 
SEPTEMBER 2, 1940! 


RONALD K. DEFORD? 
Midland, Texas 


The Fourteenth Annual Field Conference of the Kansas Geologi- 
cal Society ended Sunday night, September 1, 1940, near Centennial, 
Wyoming, high on the eastern slope of the Medicine Bow Mountains. 
Here, 10,000 feet above sea-level, the conferees spent the night as 
guests of the University of Wyoming’s Science Camp. On Monday 
morning, about 35 geologists* took part in a meeting to discuss prob- 


1 Manuscript received, February 8, 1941. 
2 Argo Oil Corporation. Editor, Permian volume. 


3 List of those who registered: Norval Ballard, with A. I. Levorsen, Tulsa, Okla- 
homa; Walter R. Berger, consulting, Fort Worth, Texas; Howard S. Bryant, Skelly Oil 
Company, Tulsa; Arnold S. Bunte, with H. A. Heller, Tulsa; R. A. Carmody, Gulf Oil 
Corporation, Wichita, Kansas; N. D. Clark, Transwestern Oil Company, Wichita; 
Virgil B. Cole, Gulf Oil Corporation, Wichita; F. B. Conselman, Gulf Oil Corporation, 
Wichita; Ronald K. DeFord, Argo Oil Corporation, Midland, Texas; Harold W. Ervin, 
U. S. Geological Survey, Washington, D. C.; R. V. Ewing, Continental Oil Company, 
Ponca City, Oklahoma; Alfred Fischer, University of Wisconsin, Madison, Wisconsin; 
Anthony Folger, Gulf Oil Corporation, Wichita; J. P. Gries, South Dakota School of 
Mines, Rapid City, South Dakota; R. M. Hansen, Halliburton Oil Well Cementing 
Company; John W. Harrison, Argo Oil Corporation, Seagraves, Texas; W. C. Imbt, 
Stanolind Oil and Gas Company, Wichita; C. T. Jones, Stanolind Oil and Gas Com- 
pany, Wichita; W. J. Kivi, Wyoming Geological Survey, Laramie, Wyoming; Edward 
A. Koester, Darby Petroleum Corporation, Wichita; Marvin Lee, consulting, Wichita; 
T. J. Newbill, San Francisco, California; Harry W. Oborne, consulting, Colorado 
Springs, Colorado; Charles M. Rath, consulting, Denver, Colorado; Charles B. Read, 
U. S. Geological Survey, Washington, D. C.; H. B. Renfro, University of Wisconsin, 
Madison, Wisconsin; Ray L. Six, Oklahoma A. & M. College, Stillwater, Oklahoma; 
H. D. Thomas, University of Wyoming, Laramie, Wyoming; Warren O. Thompson, 
University of Colorado, Boulder, Colorado; Jerry E. Upp, Amerada Petroleum Corpo- 
ration, Tulsa; John S. Van Sant, J. M. Huber Corporation, Borger, Texas; Glen C. 
Wooley, Transwestern Oil Corporation, Wichita; E. A. Wyman, Amerada Petroleum 
Corporation, Tulsa. 
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lems of Permian correlation between the Rocky Mountains and the 
Mid-Continent—more particularly, in the region of Wyoming, the 
Black Hills, and Nebraska, and Kansas. In the following paragraphs 
is a brief account of the origin of this correlation meeting. 


PREPARATION FOR MEETING 


About a year previously, when the regional stratigraphic commit- 
tees for work on the Permian volume were being formed, Anthony 
Folger had championed the necessity of simultaneous work on the 
problems of interregional correlation. This idea was discussed, but no 
action was taken until the Chicago convention, where a ‘Permian 
breakfast” in the Stevens Hotel was attended by many geologists at 
work on, or interested in, the Permian. This ‘“‘breakfast” lasted almost 
throughout the morning of Monday, April 10, 1940. One of the things 
accomplished was to elect Anthony Folger “tool-pusher’’ or director 
to see that subsurface geologists actively studying the problems of cor- 
relations between the northern Rockies and the Mid-Continent should 
examine the same sets of cuttings from critical wells. Once all these 
geologists were familiar with the same fundamental data, they could 
discuss and argue about their differences as to proper correlations in 
concrete terms. They would speak the same language. 

It was planned to hold a correlation meeting during the Kansas 
society’s 1940 field conference. Folger agreed to try also to have sev- 
eral cross sections prepared by different geologists for this meeting. 

The time was short. A number of samples were looked at, but 
many more remain. Three cross sections were prepared. 

1. C. T. Jones.A—This cross section begins in southwestern Ellis 
County, Kansas; extends northward through Norton County, Kansas; 
thence northwestward through western Nebraska; thence more or less 
westward through Niobrara County, Wyoming, to the Big Muddy 
field in Converse County, eastern Wyoming. 

2. R. A. Carmody\—This cross section begins in the Gorham 
field, southwestern Russell County, Kansas; extends northwestward 
through Ellis, Rooks, Graham, and Norton counties, Kansas; and 
continues northwestward into Nebraska almost to the northwest cor- 
ner of the state. 

The important difference between the cross sections of Jones and 
Carmody is that Jones’ section in general passes through structurally 


4C. T. Jones, “Subsurface Section from Big Muddy Field, Converse County, 
Wyoming, through Nebraska, to Central Kansas Uplift, Ellis County, Kansas,” Guide 
Book 14th Ann. Field Conference Kansas Geol. Soc. (1940), pp. 140-41. 


5 Not published. 
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high wells, whereas Carmody’s section in general passes through struc- 
turally low wells. 

3. Norval Ballard.6—The exact location of this section is not avail- 
able, but in general it follows closely the route of Carmody’s cross 
section to the northwest corner of the state of Nebraska and extends 
thence on up into the Black Hills of South Dakota. 

At the Centennial correlation meeting Jones’ cross section was 
available in the guide book, and Carmody’s and Ballard’s cross sec- 
tions were hung on the wall. Several adjuvant cross sections’ were 
also printed in the guide book. 


BLACK HILLS-WYOMING CORRELATIONS 


A spirited discussion occupied the morning. Jones, Ballard, and 
Carmody each presented his cross section, and alternative hypotheses 
of gradation, overlap, and correlation were suggested and discussed 
by others present. This note is an attempt to summarize the discussion 
in terms of the section exposed on the northeast flank of the Black 
Hills in South Dakota. 


Feet 
Minnekahta limestone®.................. 40 
Minnelusa sandstone and limestone....... 500 


At present the Minnekahta limestone* appears to be the surest 
key-bed in regional correlations of the Permian formations and their 
subjacent Pennsylvanian and superjacent Triassic beds. The upper- 


§ Not published. 


7H. D. Thomas, ‘Cross Section from Wind River Mountains, Fremont County, 
Wyoming, to Agate, Sioux County, Nebraska,’’ Pl. VIII, p. 120. 

“Cross Section from Red Mountain, Albany County, Wyoming, to Minne- 
kahta Region, Fall River County, South Dakota, 123. 

G. E. Condra and E. C. Reed, “Correlation ‘Chart of *irenckihin, Opeche, eer 

ville, and Minnelusa Formations in Hartville and Black Hills Uplifts,” Pl. X, p 

. Jones, “‘Cross Section from Nesson Anticline, Williams County, North Da. 
kota, through Baker-Glendive to Northern Black Hills, Lawrence County, South Da- 
kota,”’ Pl. XI, p. 130. 

W. O. Thompson and J. M. Kirby, “Relationship of Permo-Pennsylvanian Strati- 
graphic Units between Colorado Springs, Colorado,*and the Black Hills, South_Da- 
kota,” Pl. XIII, p. 143. 

“Colorado Front Range Sections,” Pl. XIV, p. hning 
—-, ” “Southeastern Wyoming Sections,” Pl. XV, p. 145. 
, “Black Hills Sections, Wyoming and South Dakota,” Pl. XVI, p. 146. 

John G. Bartram and C. T. Jones, ‘Stratigraphic Cross Section from Belle Springs, 
Carbon County, Wyoming, to South End of Black Hills, South Dakota,” Pl. XVII, 
p. 147. 

E. W. Krampert, “Correlations of Well Sections in the Paleozoic Formations, 
Dewey Dome, Mule Creek, and Lance Creek Fields,” Pl. XXI, p. 157. 


* Called “dolomite and lime” in Guide Book, Fig. 2, p. 20. In this note the term 
“limestone” includes all the magnesian and non-magnesian varieties, 
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most member of the Opeche immediately beneath the Minnekahta 
limestone is purple or lavender shale, which persists for hundreds of 
miles. 

In the vicinity of Casper, Wyoming, the relation of the Minne- 
kahta to the overlying Forelle and Ervay limestone members seems 
well established. Thomas® has shown that the Ervay limestone is an 
eastward-extending tongue of the topmost Phosphoria formation of 
western Wyoming. Thus the Ervay represents the youngest Permian 
of the region. The age relations according to Thomas are the following. 


West East 
Lower (but not lowermost) Phosphoria.......... Minnekahta limestone 


Thus, in the Casper region, the redbeds above the Minnekahta are 
partly Permian and partly Triassic in age (150-250 feet of Permian; 
600-700 feet of Triassic). 

At the north end of the Black Hills above the Minnekahta are 
300-500 feet of Spearfish redbeds. It is generally agreed that at least 
the lower part of these is Permian. Some geologists think it possible 
that the Spearfish there is all Permian. Some suspect a Triassic upper 
part, above the gypsums, marked by a lithologic change (coarse sand 
grains of more heterogeneous shapes and sizes, for example). 

Below the Minnekahta another problem of correlation presents 
itself. The typical Opeche of the northeastern flank of the Black Hills con- 
sists of 60-85 feet of red shale. Underlying the Opeche is the Minnelusa 
formation in which sandstones predominate,’ especially in the upper 
part, though limestone members are numerous throughout and thicker 
in the lower part of the formation. Red shales are present in some ex- 
posures. 

In the outcrop in Hot Brook Canyon," near Hot Springs, South 
Dakota, at the southern end of the Black Hills, the so-called ‘“Opeche”’ 
is 154 feet thick. Its base is assumed to be at the top of a brecciated 
limestone member of the Minnelusa. The “Opeche”’ here consists of 
the following. 


Feet 


The red blocky sandstone contains red sandy shales and is underlain 
by brecciated limestone members of the Minnelusa. 


H. D. Thomas, of. cit. 
10 Guide Book, Fig. 2, p. 20. 
1 Guide Book, Fig. 15, p. 34. 


q 
{ 
| 
f 
4 
5 
p 
‘ 


EA 


Fic. 1.—Western Interior United States. 


Gea) 
4 — 
4 


434 GEOLOGICAL NOTES 


In a section exposed in Red Bird Canyon,” on the southwest flank 
of the Black Hills, in South Dakota, 13 miles east-southeast of New- 
castle, Wyoming, the so-called “Opeche” is about 125 feet thick. Its 
base is assumed to be at the eroded top of a limestone member of the 
Minnelusa. The ‘‘Opeche”’ here consists of the following. 


Approximate Thickness 


in Feet 
White blocky sandstone 25 
Reddish to brownish massive sandstone......... 20 
Red massive sandstone, breccia at base......... 30 


The median white sandstone has at times been called ‘‘Tensleep,”’ on 
account of its appearance and its stratigraphic position relative to an 
overlying “Embar” (to wit, Opeche redbeds with a local gypsum lentil, 
Minnekahta limestone, and overlying calcareous gypsiferous beds). 

In the Hartville uplift, in Sec. 28, T. 29 N., R. 67 W., 3 miles north- 
east of Cassa, Platte County, Wyoming, the “Opeche” is 60 feet 
thick,'* and consists mainly of red sandy shale with the purple member 
at the top. The summarized section follows. 


Feet 

Hartville formation 

E. Red sandstone (8-foot yellow-buff sandstone parting).............. 99 
D. Gray to pink to red siltstone (7-foot limestone in lower part)....... 83 
C. Light gray limestone (4-foot red shale parting)................... 27 
B. Red sandstone (23-foot limestone 39 
A. Limestones, e¢ cetera 


Units B, C, D, E, F constitute “Division I” of the Hartville for- 
mation. The top of unit F is the top of the Hartville by original defini- 
tion. Unit A is the top member of “Division II,’’ the fossils of which 
are unquestionably Pennsylvanian. The age of “Division I” is not 
settled. 

The 34-foot yellow-buff sandstone (unit F) appears to be the coun- 
terpart of the “white blocky sandstone” in the so-called ‘“‘Opeche” 
section of Red Bird Canyon, hereinbefore described. 

Unit D has been described as “red-stained, calcareous, very mas- 
sive, heterogeneous, grades from limestone to sandstone, with included 
angular cobbles of limestone and siltstone, locally cavernous.” This 
resembles the brecciated members of the Minnelusa in the Hot Brook 
Canyon section. 


2 Guide Book, Fig. 27, p. 45. 
3 Guide Book, Fig. 33, p. 56. 
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Twenty-five miles west is the Labonte Creek section‘ in Converse 
County, Wyoming, as follows. 


Feet 
Qpeche red'shale (purple-at 64 
Casper formation (122 feet soft, cross-bedded pink, buff and cream- 


It is suspected that all the Casper formation is Pennsylvanian and 
that in extending westward the top of the Casper is occupied by older 
and older members. There is thus a suspicion, at least, of hiatus be- 
tween the Permian and Pennsylvanian from Labonte Creek westward 
to western Wyoming. 

What is the relation between upper Hartville and upper Minne- 
lusa? Alternatives were suggested during the discussion at the Centen- 
nial correlation meeting: (1) that the sandstones at the top of the 
Hartville (units D and F), and in the lower 75 feet of the alleged 
“Opeche”’ of Red Bird Canyon, and in the lower 93 feet of the alleged 
““Opeche” of Hot Brook Canyon wedge out so as to be represented in 
the northeast flank of the Black Hills by hiatus between the typical 
Opeche and typical Minnelusa; or (2) that these sandstones are cor- 
relatives of the upper part of the typical Minnelusa. 

This part of the section is considered as possibly Permian in age. 

The rest of Hartville I (upper Minnelusa) might also be Permian. 
Hartville II is Pennsylvanian (Virgil and Missouri). 


BLACK HILLS—MID-CONTINENT CORRELATIONS 


Now, as to correlation between the Black Hills and Kansas. The 
very starting point is still under debate. There are three main alter- 
native assumptions: the Minnekahta is approximately (1) Day Creek, 
(2) Blaine, or (3) Stone Corral. 

The third possibility was not’very seriously advocated at the Cen- 
tennial correlation meeting. 

In advocating the following correlations, the proponents did not 
mean that the top and bottom horizons of each bed are precisely the 
same as the top and bottom horizons of the correlative bed. Rather 
they meant that the two beds are components of equivalent sections. 

One correlation proposed was the following. 


Mid-Continent W yoming 
Day Creek........... in same general section as............. Minnekahta 
equivalent to part of.................. Opeche 
Stone Corral......... equivalent to some member of......... Hartville I 


4 Guide Book, Fig. 51, p. 84. 
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The following is another statement of practically the same cor- 


relation. 

Wyoming Mid-Continent 
A different correlation was also proposed. 

Black Hills-Wyoming Mid-Continent 
Opeche shale under Minnekahta.......... has lithology of... .. Flower-pot 
Buff sandstone (at top of Hartville I*)....looks like........... Cedar Hills 
Brownish red sandstone** of Hartville I. ..may be............. Harper 


* That is, Unit F of the section northeast of Cassa previously described. 
** Unit E. 


TEXAS TO BLACK HILLS VIA OKLAHOMA 

In the Black Hills-Wyoming country is the junction between the 
Mid-Continent Permian and the Permian of Utah and Arizona (Fig. 
1). The different suggested correlations have different consequences 
relative to the correlation of the whole Permian system of the western 
United States (Fig. 2). It is interesting to examine these consequences 
by attempting to carry correlations southward from Nebraska to 
Texas, thence westward through New Mexico to Arizona, -thence 
northward through Utah to western Wyoming, thence eastward 
through Wyoming and the Black Hills to the place of beginning. Or, 
better perhaps, start with the proposed standard séction in West 
Texas and work both ways to the Black Hills. 

The San Andres problem is a central problem in interregional cor- 
relation. Is the San Andres Guadalupe or Leonard? At the left side of 
the correlation chart (Fig. 2) it is shown as Guadalupe; at the right as 
Leonard. If it is Leonard, it is upper Leonard; if Guadalupe, middle 
Guadalupe (Cherry Canyon). The lower Guadalupe (Brushy Canyon) 
pinches out against the north rim of the Delaware basin. 

The correlation from New Mexico to Kansas-Nebraska has been 
discussed many times in meetings and published articles. Recently 
Robert Roth’ has announced the discovery of fossils in the putative 
Quartermaster of Briscoe County, Texas. These have been identified 
as Permian by Norman D. Newell.'® 

If the Quartermaster be Permian, it may represent beds equivalent 
to the Tansill-Yates section of New Mexico, or it may be equivalent 
to the Dewey Lake. On a recent field trip!’ Vaughn W. Russom, who 


18 Personal communication. 
16 Personal communication. 


17 Fall field trip, West Texas Geological Society, Eddy County, New Mexico, Sep- 
tember 28-29, 1940, road log, p. 2, Stop 2. 
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has been engaged in mapping the Oklahoma redbeds for many years, 
remarked the striking similarity in appearance of the Dewey Lake 
outcrops near Carlsbad, New Mexico, to the Quartermaster of Okla- 
homa. They might be the same. The Dewey Lake redbeds above the 
Rustler formation were called Quartermaster by some of the pioneer 
oil geologists of New Mexico. It is conceivable that the Quartermaster 
contains both Dewey Lake and Rustler equivalents. 


WYOMING TO TEXAS VIA ARIZONA 


In the other half of the circuit, from the Black Hills through Utah 
to West Texas, certain paleontologic and stratigraphic data bear re- 
peating. 

After a monographic study of West Texas brachiopods Robert E. 
King'* thought that the Phosphoria fauna was probably Word (mid- 
die Guadalupe) in age, whereas McKee!® would call the middle Phos- 
phoria Pustula fauna Kaibab and therefore Leonard. 

Miller and Cline,?° after studying the ammonoids about 150 feet 
above the base of the Phosphoria section in the Sublette Range, Wyo- 
ming, favored a Word (Guadalupe) age for these fossils, but stated 
that they might be as old as Leonard. 

Renfro” recently redescribed a pelecypod fauna from the lower- 
most Permian at the southern end of the Laramie basin, Wyoming, 
pointing out that identical forms occur in the Kaibab of Arizona. The 
horizon of this collection is below the Minnekahta, and for that reason 
is presumably equivalent to the basal Phosphoria of western Wyo- 
ming. 

In central Utah, near Provo, Baker and Williams” found probable 
Phosphoria equivalents resting on a limestone that bears a Kaibab 
fauna. 


18 Robert E. King, “Geology of the Glass Mountains, Texas, Part II,” Univ. Texas 
Bull. 3042 (November 8, 1930), pp. 30-33. 

19 Edwin D. McKee, “The Environment and History of the Toroweap and Kiabab 
Formations of Northern Arizona and Southern Utah,” Carnegie Inst. Washington Pub. 
492 (1938), p. 176. 

20 A. K. Miller and L. M. Cline, ‘““The Cephalopods of the Phosphoria Formation of 
Northwestern United States,’ Jour. Paleontology, Vol. 8, No. 3 (September, 1934), p. 
284. 

21 Cited in H. D. Thomas, ‘Pennsylvanian and Permian Stratigraphy of Central 
and Southeastern Wyoming,” Guide Book 14th Annual Field Conference Kansas Geol. 
Soc. (1940), p. 122. Renfro’s paper is listed by title in Bull. Amer. Assoc. Petrol. Geol., 
Vol. 24, No. 5 (May, 1940), p. 903. 

_ ® Arthur A. Baker and James Steele Williams, “Permian in Parts of Rocky Moun- 
tain and Colorado Plateau Regions,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24, No.4 
(April, 1940), pp. 624-25. 
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The Kaibab is commonly correlated with the San Andres. It can 
conceivably be upper Yeso. 


ALTERNATIVE HYPOTHESES 


With these data in mind, the following possibilities are proposed 
as subjects for study and speculation. 

I. Minnekahta is Day Creek, therefore upper Guadalupe (Bell 
Canyon). All the Phosphoria of western Wyoming, except the very 
basal part, is therefore as young as upper Guadalupe (Bell Canyon). 
Some may be even younger (Ochoa). 

II. Minnekahta is Blaine. San Andres is Leonard. Therefore the 
lower part, at least, of the Phosphoria is Leonard and probably equiva- 
lent to the Kaibab. 

III. Minnekahta is Blaine. San Andres is Guadalupe. Therefore 
Phosphoria is Guadalupe, except the very basal part, which may be 
Kaibab, which may be Leonard. 

IV. Minnekahta is Stone Corral, therefore Leonard. The lower 
Phosphoria, at least, is Leonard and correlative with the Kaibab, 
which must, therefore, be older than San Andres. 

There is, of course, nothing final about the correlation chart or this 
discussion, the purpose of which is not to solve problems but to 
broaden the attack by stating them in regional terms. Another im- 
portant line of correlations that must not be overlooked runs from 
eastern Wyoming southward along the eastern flank of the southern 
Rockies in Colorado and New Mexico (Fig. 1). Cross ties from that 
line must be made through the subsurface to Kansas, Oklahoma, and 
the Texas Panhandle. Another possible line would extend from central 
New Mexico northward via the Nacimiento Mountains to southwest- 
ern Colorado. Many cross ties have been and are being made in the 
Arizona, Nevada, Utah, and western Colorado country. 


FURTHER WORK 


More work is needed on the exceedingly important link between 
the Black Hills and the Mid-Continent. At the Centennial meeting it 
was agreed that Anthony Folger should continue his work as director 
of the distribution of key sets of critical samples. It is hoped that a 
second correlation meeting can be held during the convention in Hous- 
ton in April. 
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figs., 34 photographs, many statistical tables. 


CALIFORNIA 


*“Central San Joaquin Valley,” compiled by Oi and Gas Jour., Vol. 39, 
No. 35 (Tulsa, January 9, 1941), pp. 50-51; map and columnar sections in 


colors. 
*“Recognition of Faults in Southern California,” by W. J. Miller. Studies 
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pp. 87-100. 
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*Der geologische Bau und die Erdélvorkommen Agyptens”’ (Geological 
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*“The Carboniferous Limestone of the Castleton-Bradwell Area, North 
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Geol. Soc. London, Vol. 96, Pt. 3, No. 383 (November 30, 1940), pp. 271-99; 
2 figs., 1 pl. 
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*“Nomenclature and Correlation of the North American Continental 
Tertiary,” by H. E. Wood, 2nd, chairman, et al. Bull. Geol. Soc. America, Vol. 
52, No. 1 (New York, January 1, 1941), pp. 1-48; correlation chart. 

*“Shallow-Water Globigerina Sediments,” by G. W. Crickmay, H. S. 
Ladd, and J. E. Hoffmeister. Jbid., pp. 79-106; 4 figs., 2 pls. 

*“The Study of Variation in Fossils,’ by Henry Hurd Swinnerton. Quar. 
Jour. Geol. Soc. London, Vol. 96, Pt. 3, No. 383 (November 30, 1940), pp. 
Ixxvii-—cxviii; 13 figs. Anniversary address of the president of the Society. 
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*“Radioactivity of Ocean Sediments. III. Radioactive Relations in Ocean 
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1941). 4 pp., 6 figs. 

*“Effect of Dipping Strata on Determinations of Potential-Drop Ratio,” 
by Maynard H. Jameson. A.J.M.E. Tech. Pub. 1294 (February, 1941). 5 pp., 
6 figs. 

*“Determination of Magnetic Susceptibilities of Rocks in Situ,”’ by R. G. 
Paterson. A.J.M.E. Tech. Pub. 1298 (February, 1941). 9 pp., 5 figs. 

*“Petroleum Engineering Education,” by Harry H. Power. A.J.M.E. 
Tech. Pub. 1312 (New York, 1941). 5 pp. 

The Petroleum Industry: an Economic Survey, by Ronald B. Shuman. 
298 pp., 14 figs., 48 tables. University of Oklahoma Press, Norman (1941). 
Price, $3.00. 

*“Northern Hemisphere Offers Greater Oil Possibilities,’ by W. V. 
Howard. Oil and Gas Jour., Vol. 39, No. 39 (Tulsa, February 6, 1941), pp. 
16-17, 26; 2 figs. 

Methods of Study of Sediments, by W. H. Twenhofel and S. A. Tyler. 183 
pp., 17 figs., 24 tables. McGraw-Hill Book Company, Inc., New York (1941). 
6 Xg inches. Cloth. Price, $2.00. 

*Report of the Committee on Sedimentation 1939-1940, by Parker D. Trask, 
chairman, et al. National Research Council Division of Geology and Geog- 
raphy, Washington, D. C. (December, 1940). 121 multigraphed pp. 

*“Principles of Drilling Mud Control,” by Sylvain J. Pirson. Oil Weekly, 
Vol. 100, No. 10 (Houston, February 10, 1941), pp. 21-32; 3 figs. 

*“An Examination of the Mineral Self-Sufficiency of the United States,” 
by W. E. Wrather. Texas Geographic Mag., Vol. 4, Nos. 1-2 (Dallas, Autumn, 
1940), pp. 1-16. 

*“Frdél und Luftbild’’ (Petroleum and Aerial Photography), by R. Bar- 
ing. Oel und Kohle, Vol. 36, No. 46 (Berlin, December 8, 1940), pp. 519-20; 1 
photograph. 

*“\ New Method of Constructing Subsurface Models,” by Kenneth M. 
Bravinder, Dean H. Sheldon, and Jonathan E. Koogle. Amer. Inst. Min. Met. 
Eng. Petrol. Tech., Vol. 4, No. 1 (New York, January, 1941). Tech. Paper 
1271. 4pp., 4 figs. 

*“New Method of Plotting Slant Holes,” by Tracy L. Atherton. Jbid., 
Tech. Paper 1283. 11 pp., 8 figs. 

*“Phacoid Trilobites of North America,’’ by David M. Delo. Geol. Soc. 
America Spec. Paper 29 (New York, December 31, 1940). 135 pp., 13 pls. 

*“Trilling Horizontal Wells from a Vertical Shaft,’”’ by Leo Ranney. Oil 
and Gas Jour., Vol. 39, No. 37 (Tulsa, January 23, 1941), p. 48; 2 figs. 
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*“Mississippian Basin of Northern Mid-Continent Region,” by Joseph A. 
Kornfeld. Pan-Amer. Geologist, Vol. 75, No. 1 (Des Moines, Iowa, February, 
1941), pp. 8-18; map of Mississippian subsurface structure in Oklahoma. 

Elements of the Petroleum Industry, edited by E. DeGolyer, John M. Love- 
joy, Hallan N. Marsh, H. H. Power, E. A. Stephenson, H. D. Wilde, W. E. 
Wrather. Published by Amer. Inst. Min. Met. Eng. (New York, 1941). 519 
pp. Price, $5.00 (A.I.M.E. members, $2.50). 

*“Facies Peculiarities of Shoestring Oil Sands,” by K. Kalicki. Trans. 
Geol. Oil Inst., N. S., No. 5 (Moscow, 1939). 42 pp., 12 figs. In Russian. 

*“Methods of Mass Determination of Organic Mixtures in Sedimentary 
Rocks,” by L. Khmelevskaja. Ibid., No. 9 (1939). 31 pp., 7 tables. Pp. 30-31, 
English summary. 

*“Algenreste als mégliches Urmaterial zur Erdélbildung (Algal Remains 
as Possible Source Material in the Formation of Petroleum), by K. Kalicki. 
Ibid., No. 13 (1940). 70 pp., 4 tables. In Russian. 


GULF COAST 


*“Better Concept of Faulting Patterns Aids Piercement Salt Dome De- 
velopment,” by M. M. Kornfeld. Oil Weekly, Vol. 100, No. 10 (Houston, 
February 10, 1941), pp. 19-20; 3 figs. 


ILLINOIS 


*“ Analyses of Some Illinois Crude Oils,” by Harold M. Smith. U.S. Bur. 
Mines R. I. 3532 (Washington, D. C., December, 1940). 27 multigraphed pp., 
2 tables, 1 fig., 42 analyses. 

Oil and Gas Development Map of Greenup Area (Ts. 7-9 N., Rs. 9-11 E., 
14 W.); Thompsonville (Ts. 7-9 S., Rs. 3-5 E.). Illinois Geol. Survey. Blue- 
line prints obtainable from map agent, 100 Natural Resources Building, 
Urbana, Illinois. Price, $0.60 (stamps not acceptable). 

“Geology and Oil Possibilities of Extreme Southern Illinois’ (Union, 
Johnson, Pope, Hardin, Alexander, Pulaski, and Massac counties), by J. Mar- 
vin Weller. Illinois Geol. Survey R. I. 71 (Urbana, February, 1941). 71 pp., 1 
fig., 1 pl. (structure-contour map). Price, $0.25. 


ITALY 
*“Geologie und Erschliessung der Erdélvorkommen Italiens” (Geology 


and Petroleum Prospects of Italy), by R. B. Behrmann. Oel und Kohile, Vol. 
36, No. 46 (Berlin, December 8, 1940), pp. 522-37; 11 figs. 


KANSAS 


*“Stratigraphic Traps Source of Major Production over Central Kansas 
Uplift,” by Joseph A. Kornfeld. Oil Weekly, Vol. 100, No. 6 (Houston, Jan- 
uary 13, 1941), pp. 13-19; 2 tables, 3 maps. [bid., Vol. 100, No. 7 (January 
20), pp. 20-30; 2 tables, 4 maps. 


MINNESOTA 


*“Subsurface Structure of the Paleozoic Rocks of Southeastern Minne- 
sota,”’ by G. A. Thiel and G. M. Schwartz. Bull. Geol. Soc. America, Vol. 52, 
No. 1 (New York, January 1, 1941), pp. 49-60; 5 figs., 1 pl. 
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MISSISSIPPI 


*“Southern Mississippi,’ compiled by Oil and Gas Jour. Vol. 39, No. 39 
(Tulsa, February 6, 1941), pp. 42-43; geological map and stratigraphic col- 
umns in colors. 

NEBRASKA 


*“Southeastern Nebraska,” compiled by Oil and Gas Jour., Vol. 39, No. 37 
(Tulsa, January 23, 1941), pp. 42-43; map and log sections in colors. 


NEW MEXICO 


*“Tectonics of Sierra San Andres of New Mexico,” by Charles Laurence 
Baker. Pan-Amer. Geologist, Vol. 55, No. 1 (Des Moines, Iowa, February, 
1941), Pp. 53-56; 2 photographs. 

RUSSIA 


*“Geological Structure and Oil-Bearing Formations in the Region of the 
Middle Course of the River Maya (Ayan-Maya District, Far Eastern Re- 
gion),” by S. Alexeychik. Trans. Geol. Oil Inst., N. S., No. 2 (Moscow, 1940). 
33 pp., geologic map and stratigraphic column. In Russian. 

*“Map of the Prospects of Oil-Bearing Formations of the Asiatic Part of 
U.S.S.R.,” by N. Gedroytz. [bid., No. 3 (1940), 31 pp. Folded geologic map. 
In Russian. 

*“Carboniferous Foraminifera of the Samara Bend,” by D. Rauser- 
Cernoussova, G. Beljaev, and E. Reitlinger. [bid., No. 7 (1940). 79 pp., 
18 figs., 1 chart, 9 fossil pls. Pp. 68-79, English summary. 

*“Materials of the Laboratory of Bitumens.” 3 articles. Zbid., No. 8 
(1940). 39 pp., 7 tables. In Russian. 

*“Geological Investigations in the Zone of Oil-Ilezkayazaschita of the 
Emba Oil-Bearing District,” by N. Khramov. /bid., No. 11 (1940). 43 pp., 
13 figs. In Russian. 

*“Several Species of Pelecypods from the Upper Paleogene of the Tadjik 
Depression,” by E. Ivanova. Ibid., No. 12 (1940). 28 pp., 1 fossil pl. In 
Russian. Pp. 25-27, English summary. 


TURKEY 


*“Geological Observations in the Southern Chains of the Bitlis Moun- 
tains in the Region of Basor-Cay in Western Siirt (Southeastern Anatolie),’’ 
by P. Arni. Maden Tetkik ve Arama Enstitiisii, Vol. 5, No. 4/21 (Ankara, 1940), 
pp. 544-64; geologic sections. Pp. 544-58, in German; pp. 558-64, in Turkish. 

*“Possibilities of Petroleum Discoveries,” by C. E. Tasman. [bid., pp. 
570-71. In Turkish. 

*“Genesis and Mother Substance of Petroleum,” by M. R. Mutuk. Jbid., 
pp. 572-79. In Turkish. 

*“Geological Excursions in the Vicinity of Ankara. Part II, Western and 
Northern,” by W. Salomon-Calvi. /bid., pp. 610-19. In German. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


James G. Mitchell, Olney, IIl. 

Loris J. Fulton, Stewart Cronin, Darsie A. Green 
Waynard Burton Perry, Tulsa, Okla. 

G. H. Westby, Jess Vernon, William R. Gahring 
Theodore Clinton Peters, Wichita, Kan. 

John W. Inkster, John E. Galley, J. B. Leiser 


FOR ASSOCIATE MEMBERSHIP 


Dagfin John Cederstrom, Charlottesville, Va. 

William M. McGill, V. T. Stringfield, Lloyd W. Stephenson 
Herbert Maynard Goodman, Midland, Tex. 

K. S. Ferguson, F. M. Van Tuyl, J. Harlan Johnson 
Luther David Hawley, New Rochelle, N. Y. 

Charles Nevin, H. Ries, A. A. Hunzicker 
Aaron Elisha Holland, Houston, Tex. 

D. F. Broussard, T. I. Harkins, J. Elmer Thomas 
Frederic Brewster Loomis, Jr., Houston, Tex. 

G. D. Thomas, K. H. Schilling, William S. Pike 
Lee Wayne Moore, Midland, Tex. 

E. F. Cesinger, Fred F. Kotyza, Bernerd A. Ray 
J. A. Mull, Jr., Wichita, Kan. 

T. K. Knox, L. O. Kelsey, R. A. Whortan 
Harlan Willard Newell, Dallas, Tex. 

Albert E. Oldham, Lewis W. MacNaughton, J. Earle Brown 
Raymond W. Robbins, Salem, II. 

H. H. Arnold, Jr., William C. Kneale, J. J. Galloway 
Fred Muller Schall, Jr., New Orleans, La. 

Harry X. Bay, G. W. Schneider, W. T. Thom, Jr. 
Lou Williams, Chicago, IIl. 

Theron Wasson, Ira H. Cram, D. Jerome Fisher 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


James Burt Anderson, Glendale, Calif. 

E. Wayne Galliher, R. M. Barnes, E. K. Soper 
Robert R. Bennett, Washington, D. C. 

W. O. George, F. M. Getzendaner, P. D. Moore 
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Kenneth G. Boling, Olney, IIl. 

Darsie A. Green, Stewart Cronin, Loris J. Fulton 
Gilbert Todd Bowen, Whittier, Calif. 

W. P. Winham, W. F. Barbat, G. C. Gester 
Joe Canon, Fort Worth, Tex. 

J. B. Lovejoy, B. E. Thompson, H. M. Bayer 
Ralph B. Cantrell, Houston, Tex. 

Shirley L. Mason, W. A. Reiter, Eugene L. Earl 
Alton Carl Christenson, Colorado Springs, Colo. 

Walter W. Larsh, R. J. Riggs, John G. Bartram 
Edward Jolley Combs, Evansville, Ind. 

H. J. Weeks, H. L. Griley, Stanley G. Elder 
Milton Wallace Corbin, Little Rock, Ark. 

George C. Branner, R. E. Shutt, J. T. Singewald, Jr. 
Richard Harry Dana, Larned, Kan. 

W. W. Larsh, Garvin L. Taylor, Carl L. Larson, Jr. 
Orion A. Daniel, Wichita Falls, Tex. 

Virgil Pettigrew, Robert Roth, T. F. Petty 
Jack W. Davies, Corpus Christi, Tex. 

James I. Daniels, Glen C. Woolley, Edward A. Koester 
Flavy Eugene Davis, Houston, Tex. 

Marcus A. Hanna, Donald,W. Gravell, H. E. Minor 
Leon Virgil Davis, Tulsa, Okla. 

Russell S. Tarr, Graydon Laughbaum, Glenn R. V. Griffith 
Glenn William Ditsworth, Shawnee, Okla. 

H. H. Arnold, M. C. Roberts, L. H. Lukert 
Clarence William Donnelly, Marshall, Ill. 

W. C. Kinkel, C. J. Hares, R. G. Kurtz 
Andrew C. Elliott, Meridian, Miss. 

G. D. Thomas, K. H. Schilling, William S. Pike 
Samuel P. Ellison, Jr., Rolla, Mo. 

E. B. Branson, Glenn G. Bartle, Charles F. Bassett 
Richard Bower Haines, Los Angeles, Calif. 

R. M. Barnes, Glenn H. Bowes, H. D. Hobson 
Robert D. Hendrickson, Houston, Tex. 

Shapleigh G. Gray, A. P. Allison, Wayne V. Jones 
Charles Jacob Hoke, Evansville, Ind. 

W. B. Weeks, D. E. Lounsbery, D. A. McGee 
Myron D. Hubley, Shawnee, Okla. 

V. G. Hill, F. Spencer Withers, Jack M. Copass 
L. Kenneth Lancaster, Houston, Tex. 

Charles L. Lake, Wayne V. Jones, Noel Evans 
Robert William Mallory, Casper, Wyo. 

W. W. Larsh, John G. Bartram, R. J. Riggs 
Charles Francis Manlove, Orcutt, Calif. 

Max Krueger, Earl B. Noble, Louis N. Waterfall 
Lester Ray Marshall, Lafayette, La. 

J. A. Culbertson, A. K. Tyson, Max Bornhauser 

(Continued on p. 550) 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


L. C. SNIDER, chairman, University of Texas, Austin, Texas 

Ep. W. OWEN, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 
Henry A. Ley, San Antonio, Texas 

Joun M. Vetter, Pan-American Producing Company, Houston, Texas 
W. A. VER WresE, University of Wichita, Wichita, Kansas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


A. I, LEvorsEN (1943) 
FINANCE COMMITTEE 
WALLAcE E. Pratt (1941) W. B. Heroy (1942) 
TRUSTEES OF REVOLVING PUBLICATION FUND 
GrorGE S. BucHANAN (1941) E. (1942) FRANK A. Moran (1943) 
TRUSTEES OF RESEARCH FUND 
ARTHUR A. BAKER (1941) WALTER R. BERGER (1942) L. Murray NEUMANN (1943) 
BUSINESS COMMITTEE 
W. B. Heroy (1941), chairman, Pilgrim Exploration Company, Houston, Texas 
H. K. ArMsTRONG (1941) S. E. SLIPPER (1941) 


E. DEGOLYER (1943) 


W. N. (1941) 

N. Woop Bass (1941) 

. L. BECKELHYMER (1942) 
. H. (1941) 

. Boyp BEst (1941) 

. D. CartwricHt (1941) 
. W. 

RE 


CLAWSON (1942) 
y CRONEIS (1941) 

. L. Dantrets (1941) 

. K. DeForp (1941) 

. E. Dossin (1941) 


>. 


ORSO 


H. L. Driver (1941) 
E. C. Epwarps 
James F. Gress (1942) 
Detmar R. GuINN (1941) 
A. Ley (1941) 
J. H. McGurrt (1941) 

C. C. MILLER (1941) 

C. L. Moopy (1941) 

H. H. Now1an (1941) 

Ep. W. (1941) 
Paut H. Price (1941) 
RoceEr H. SHERMAN (1941) 


L. C. SNIDER (1942) 

H. B. STENZEL (1941) 

L. W. STEPHENSON (1942) 
. T. THom, JR. (1941) 
. TOMLINSON (1941) 
. VER WIEBE (1941) 
"M. VETTER (1941) 
. WEIRICH (1942) 

E. B. Wrson (1941) 
Rosert H. Woop (1941) 
C. E. YAGER (1941) 


COMMITTEE FOR PUBLICATION 
R. E. RETIGER (1942), chairman, Sun Oil Company, Dallas, Texas 


1941 
Tuomas H. ALLAN 
T. C. Craic 
ALAN J. GALLOWAY 
A. B. Gross 
Rosert F. Imst 
Rosert C. LAFFERTY, JR. 
J. T. RicHarps 
J. Marvin WELLER 


1942 
CuarRLEs G. CARLSON 
James TERRY 
D. HuNTER 
Lewis W. MAcNAUGHTON 
CarLETON D. SPEED, JR. 
James L. Tatum 
Frep H. Witcox 


RESEARCH COMMITTEE 


1943 
B. W. BLANPIED 
H. F. Davies 
Max L. KRUEGER 
Jep B. MAEBIUS 
Kart A. MyGDAL 
O. A. SEAGER 
H. V. TyGrettT 


A. I. LEvorsEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 
M. G. CHENEY (1942), vice-chairman, Coleman, Texas 


1941 
E. WAYNE GALLIHER 
H. FasH 

W. S. W. Kew 

Joun C. MILLER 

D. Perry OLCOTT 
BEN H. PARKER 
WENDELL P. RAND 
F. W. ROLSHAUSEN 
F. M. Van 


1942 
N. Woop Bass 
Ronatp K. DEForpD 
Winturop P. HAayNEs 
Ross L. HEATON 
Beta HuBBARD 
B. 
T. E. WErRIcH 


1943 
ROLAND F. BEERS 
LESLIE C. CasE 
Hotuts D. HEDBERG 
Tuomas C. HrESTAND 
Joun M. 
C. KrRuMBEIN 
F. B. PLUMMER 
W. H. TWENHOFEL 
THERON WASSON 
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GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. BartTRAM (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1941 1942 1943 
Monroe G. CHENEY Joun E. ADAmMs ANTHONY FOLGER 
Rosert H. Dorr GENTRY Kipp BENJAMIN F. Hake 
Haron N. HICKEY D. MIsER RoBert M. KLeEINPELL 
MERLE C. ISRAELSKY Raymonp C. Moore Norman D. NEWELL 
C. L. Moopy CHARLES W. ToMLINSON 


SUB-COMMITTEE ON CARBONIFEROUS 
M. G. CHENEY (1942), chairman, Coleman, Texas 


1941 1942 1943 
Rosert H. Dott Raymonp C. Moore BENJAMIN F. HAKE 
Haroip N. Hickey Norman D. NEWELL 


CHARLES W. TOMLINSON 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


Carrot E. Dossin (1943), chairman, U. S. Geological Survey, Denver, Colo. 
Henry C. Cortes (1941), vice-chairman, geophysics, Magnolia Petroleum Co., 


Dallas, Tex. 
Carey CRONEIS (1943), vice-chairman, paleontology, University of Chicago, 
Chicago, Il. 
1941 1942 1943 
Hat P. ByBEE LuTHER E. KENNEDY R. M. BaRNnEs 
E. E. ROSAIRE CHALMER J. Roy H. S. McQueen 
Eart A. TRAGER B. B. WEATHERBY 


SPECIAL COMMITTEES 


COMMITTEE ON COLLEGE CURRICULA IN GEOLOGY 
FREDERIC H. LAwEE, chairman, Sun Oil Company, Dallas, Texas 


L. T. Barrow Wintarop P. HAYNES Joun D. Marr 
WALTER R. BERGER K. K. LANDES E. K. Soper 
Hat P. ByBEE Joun T. LONSDALE W. T. Tuom, Jr. 
Tra H. Cram 


COMMITTEE TO RECOMMEND A NEW METHOD OF ELECTING 


OFFICERS 
GEorGE S. BucHANAN, chairman, Box 2199, Houston, Texas 
N. Woop Bass J. V. HowEti Joun N. TROXxELL 
GLENN C, CLARK L. C. Morcan W. B. Witson 


COMMITTEE ON MIMEOGRAPHED PUBLICATIONS 
FRANK R. Crark, chairman, The Ohio Oil Company, Tulsa, Oklahoma 


ARTHUR BRAINERD FREDERIC H. LAHEE E. MILLER 
GerorGE S. BUCHANAN A. I. LEvorsEN Frank A. MorGan 
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FINANCAL STATEMENT FOR YEAR 1940 


To the Executive Committee, 
The American Association of Petroleum Geologists, 
Tulsa, Oklahoma. 


Dear Sirs: 

In continuation of our examinations in prior years we have examined the 
accounting records of The American Association of Petroleum Geologists for 
the year ended December 31, 1940, and now submit our report together with 
the following statements: 


Exhibit 

A Statement of Financial Condition, December 31, 1940 

B Statement of Income for the year ended December 31, 1940 
Schedule 

sa Statement of Investments, December 31, 1940 
2 Statement of Income from Publications for the year ended De- 
cember 31, 1940 
3 Statement of General and Administrative Expenses for the year 


ended December 31, 1940 


In connection with our examination, we reviewed the system of internal 
control and the accounting procedures of the Association and, without making 
a detailed audit of the transactions, examined or tested accounting records of 
the Association and other supporting evidence, by methods and to the extent 
we deemed appropriate. 

Demand deposits were reconciled to certificates received directly from the 
depositories. Reserves of $1,145.51 provided for doubtful accounts receivable 
appear adequate. In accordance with resolution adopted by the Executive 
Committee and consistent with the preceding year, publications on hand as 
shown by the records were priced at appraised values and a reserve provided 
for excessive quantities and old numbers; we made extensive tests of inventory 
quantities and computations. Investments are stated at market which is 
$7,733.64 less than cost; at December 31, 1939, investments were stated at the 
lower of cost or market and if this basis had been followed at December 31, 
1940, the stated value of investments would have been reduced by $1,517.25 
with a corresponding reduction in net income for the year 1940. Confirmation 
of certificates of securities in the custody of The New York Trust Company at 
December 31, 1940, was received directly from the custodian. 

In our opinion, the accompanying statement of financial condition and 
related statement of income, supplemented by the supporting schedules, 
present fairly the position of The American Association of Petroleum Geolo- 
gists at December 31, 1940, and the results of its operations for the year, in 
conformity with generally accepted accounting principles applied, with the 
exception of the valuation of investments referred to in the preceding para- 
graph, on a basis consistent with that of the preceding year. 


(Signed) ARTHUR YouNG & Company, Accountants and Auditors 


TuLsa, OKLAHOMA 
February 6, 1941 


* Schedule 1 is not here published. 
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SCHEDULE 3 


STATEMENT OF GENERAL AND ADMINISTRATIVE EXPENSES 
FOR THE YEAR ENDED DECEMBER 31, 1940 


GENERAL FUND: 


Depreciation of furniture and 209.04 
$16,495.07 
PUBLICATION FUND: 

TOTAL GENERAL AND ADMINISTRATIVE EXPENSES............00 $16,516.82 


SUBJECT TO COMMENTS IN ACCOMPANYING REPORT 
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FINANCIAL STATEMENT, DIVISION OF PALEONTOLOGY 
AND MINERALOGY, FOR YEAR 1940 


To the Council, 
Society of Economic Paleontologists and Mineralogists, 
Tulsa, Oklahoma. 


DEar Sirs: 


In continuation of our examinations in prior years we have examined the 
accounting records of the Society of Economic Paleontologists and Mineralo- 
gists for the year ended December 31, 1940, and now submit our report 
together with the following statements: 


Exhibit 

A Statement of Financial Condition, December 31, 1940 

B Statement of Income for the year ended December 31, 1940 
Schedule 

I Statement of Receipts and Disbursements for the year ended 


December 31, 1940 


In connection with our examination, we reviewed the system of internal 
control and the accounting procedures of the Society and, without making a 
detailed audit of the transactions, examined or tested accounting records of 
the Society and other supporting evidence, by methods and to the extent we 
deemed appropriate. 

Demand and savings deposits were reconciled to certificates received 
directly from the depositories. Inventory of publications represents approxi- 
mately 26,500 Journals (exclusive of Journals in excess of complete sets for 
issues prior to 1940) as shown by the records, including certain issues printed 
at the expense of the Paleontological Society for the years 1935 to 1940, inclu- 
sive, stated at appraised values of fifty cents each for Journals printed prior 
to 1940 or cost to either the Society of Economic Paleontologists and Miner- 
alogists or the Paleontological Society for Journals printed in 1940. We made 
extensive tests of inventory quantities and computations. 

The Society of Economic Paleontologists and Mineralogists has agreed to 
distribute a portion of its income to the Paleontological Society. Income accru- 
ing to the Paleontological Society for the year 1940 amounted to $313.64. 

In our opinion, the accompanying statement of financial condition and re- 
lated statement of income present fairly the position of the Society of Eco- 
nomic Paleontologists and Mineralogists at December 31, 1940, and the results 
of its operations for the year, in conformity with generally accepted account- 
ing principles applied on a basis consistent with that of the preceding year. 


(Signed) ARTHUR Younc & Company, Accountants and Auditors 


Tutsa, OKLAHOMA 
February 6, 1941 


: 


454 THE ASSOCIATION ROUND TABLE 


EXHIBIT A 
STATEMENT OF FINANCIAL CONDITION 
DECEMBER 31, 1940 
ASSETS 
CURRENT ASSETS: 


Demand deposits— 
The First National Bank and Trust Company, Tulsa, 


National Bank of Commerce, Tulsa, Oklahoma....... 161.11 


Savings deposit— 
The First National Bank and Trust Company, Tulsa, 


Accounts receivable— 

Inventory of publications—see report... 


LIABILITIES AND SURPLUS 
CURRENT LIABILITIES: 


Amount due to Paleontological Society..................eeeeeeeeee 
DEFERRED INCOME: 
SURPLUS: 
Balance, December 31, 1939.........----+++-++++-0-+ $17,052.74 
Net income for the year ended December 31, 1940—Ex- 


CONTINGENT LIABILITIES: 


All known liabilities of the Society at December 31, 1940, 
were recorded in the accounts and no litigation was 
pending at that date. 


TOTAL LIABILITIES AND SURPLUS. 


SUBJECT TO COMMENTS IN ACCOMPANYING REPORT 


$ 4,705.05 


1,054.40 


138.03 
13, 723-84 
$19,621.32 


338.40 
627.16 


17,296.79 


$20, 586.88 


$20, 586.88 
$ 500.89 
627.16 
313-64 
$ 1,441.69 
1,848.40 
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EXHIBIT B 
STATEMENT OF INCOME FOR THE YEAR ENDED 
DECEMBER 31, 1940 
INCOME: 
Dues and subscriptions— 


Journal of Paleontology and Sedimentary Petrology.... $ 800.00 


Journal of Sedimentary Petrology................... 875.67 
Sales of back numbers— 

Journal of Sedimentary Petrology.................... 197.52 
Recovery of accounts previously charged off.....................000- 

Less: Proportion of income accrued to Paleontological Society. ..... 


COSTS AND EXPENSES: 
Printing expenses— 
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$ 6,243.75 
313-64 


$ 5,930.11 


Journal of Paleontology................. $2,673.17 

Journal of Sedimentary Petrology......... 1,067.23 $3,740.40 
Office supplies and 143.32 
Other costs and expenses. 158.35 
$5,641.16 

Decrease in inventory of publications.................. 44.90 5,686.06 


SUBJECT TO COMMENTS IN ACCOMPANYING REPORT 


$ 4,582.30 
1,269.72 
219.01 
62.46 
10.47 
58.26 
41.53 
| 
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SCHEDULE 1 
STATEMENT OF RECEIPTS AND DISBURSEMENTS 
FOR THE YEAR ENDED DECEMBER 31, 1940 


RECEIPTS: 
Membership dues and subscriptions— 
Year 1940— 
Journals of Paleontology and Sedimen- 
Journal of Paleontology............... 1,713.72 
Journal of Sedimentary Petrology....... 493-27 $2,717.45 
Year 1941— 
Journals of Paleontology and Sedimen- 
Journal of Paleontology............... 1,078.00 
Journal of Sedimentary-Petrology....... 311.80 1,741.80 
Sales of back numbers— 
Journal of Paleontology................. $ 765.20 
Journal of Sedimentary Petrology......... 114.80 880.00 
$10,640.42 
DISBURSEMENTS: 
Printing expenses— 
Journal of Paleontology................. $1,970.45 
Journal of Sedimentary Petrology......... 626.51 
Engraving Journal of Paleontology........ 598.46 $3,195.42 
Payment to Paleontological Society.................... 395-23 
Office supplies and expenses.........................5- 65.52 
DEMAND DEPOSITS, DECEMBER 31, I940.............--02eeceeeseceeees $ 4,705.05 


SUBJECT TO COMMENTS IN ACCOMPANYING REPORT 
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THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
MEMBERSHIP LIST! 


Marcu 6, 1941 


HONORARY MEMBERS 


The executive committee may from time to time elect as honorary members persons 
who have contributed distinguished service to the cause of petroleum geology. Honor- 
ary members shall not be required to pay dues.—Sec. 6, Article IIT, of the Constitution. 


LIFE MEMBERS 


The executive committee may grant life membership to members who have paid 
their dues and are otherwise qualified.—Sec. 2, Article III, of the Constitution. 

On the payment of two hundred dollars ($200. oo) any member in good standing 
shall be declared a life member and thereafter shall not be required to pay annual dues. 
—Sec. 2, Article I, of the By-Laws. 

MEMBERS 


Any person engaged in the work of petroleum geology or in research pertaining to 
petroleum geology or technology is eligible to active membership, provided he is a 
graduate of an institution of collegiate standing, in which institution he has done his 
major work in geology, or in sciences fundamental to petroleum geology, and in addition 
has had the equivalent of three years’ experience in petroleum geology or in the appli- 
cation of these other sciences to petroleum geology or to research in petroleum geology 
or technology; and provided further that in the case of an applicant for membership 
who has not had the required collegiate or university training, but whose standing in 
the profession is well recognized, he shall be admitted to membership when his applica- 
tion shall have been favorably and unanimously acted upon by the executive com- 
mittee, and provided further that these requirements shall not be construed to exclude 
teachers and research workers in recognized institutions whose work is of such character 
as in the opinion of the executive committee shall qualify them for membership. 

Active members alone shall be known as members.—Sec. 1, Article IIT, of the Con- 


stitution. 
ASSOCIATES 


Any person having completed as much as thirty hours of geology (an hour shall 
here be interpreted as meaning as much as sixteen recitation or lecture periods of one 
hour each, or the equivalent in laboratory) in a reputable institution of collegiate or 
university standing, or who has done field work equivalent to this, is eligible to associ- 
ate membership, provided, at the time of his application for membership he shall be 
engaged in geological studies in an institution of collegiate or university standing, or 
shall be engaged in petroleum geology; and any person who is a graduate of an institu- 
tion of collegiate standing, in which he has done his major work in sciences funda- 

mental to petroleum geology or petroleum technology, and who has had the equiva- 
lent of one year’s experience in the application of his science to the study of petroleum 
geology, shall be eligible to associate membership, provided at the time of his applica- 
tion for membership he shall be engaged in investigations in the broader subject of 
petroleum geology and technology. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that 
they shall not hold office, sign applications for membership, or vote; neither shall they 
have the privilege of advertising their affiliation with the Association in professional 
cards or professional reports or otherwise.—Sec. 3, Article III, of the Constitution. 


HONORARY MEMBERS 
**Campbell, Marius R. 
Darton, N. H., U. S. Geological Survey, Washington, D. C. 
Decker, Charles E., 508 Chautauqua Ave., Norman, Okla. 
**Dumble, E. T. 


1 This list is published for the use of the members and for the information of all who wish to refer to 
and b affiliations of the members. It is not a mailing address list and it is not in- 


tended to be used for a or soliciting purposes. 
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Goodrich, Harold B., 1628 S. Cincinnati, Tulsa, Okla. 

Harris, Gilbert D., Dept. of Geology, Cornell University, Ithaca, N. Y. 

Hill, Robert 4: c/o Dallas News, Dallas, Tex. 

Law: son, Andrew C., University of California, Bacon Hall, Berkeley, Calif. 

Mendenhall, Walter C., U. S. Geological Survey, Washington, D.C 

Orcutt, W. W., Rancho Sombra del Roble, Canoga Park, Calif. 

Ordofiez, Ezequiel, Abraham Gonzales 79, Mexico City, Mexico 

**Reed, Ralph D. 

**Salisbury, R. D. 

Schuchert, Charles, Yale University, New Haven, Conn. 

Smith, George Otis, Box 308, Skowhegan, Me. 

Stille, "Hans, Geological Institute, University of Berlin, Berlin, Germany 

Taff, Joseph A., 628 Cowper St., Palo Alto, Calif. 

**Udden, Johan August 

Ulrich, E. O., National Museum, Washington, D. C. 

van der Gracht, W.A.J.M., 36 Eeuwige Laan, Huize Jachtduin, Bergen (N.H.), Nether- 
lands 

**von Hofer, Hans Hofrat 

**White, David 

**White, I. C. 


** Deceased. 


COMPLETE LIST OF MEMBERS, ASSOCIATES, HONORARY 
MEMBERS, AND LIFE MEMBERS 


EXPLANATION OF SYMBOLS 
* Honorary ber. ¢ Life ber. || Associate. Members are not marked. The year refers to the 
date of election to membership. 
||Abell, George T., Tex-Mex Petr. Corp., Box 430, Midland, Tex................ 29 
Abbott, John L., Pritchard & Abbott, Century Bldg., Fort Worth, Tex........... 27 
Abernathy, G. E., 115 E. Williams, Pittsburg, Kan... 38 
Absher, William F., Geol. Dept., Cities Service Oil Co., Bartlesville, Okla......... ’20 
|| Acheson, Cyrus Harold, Tropical Oil Co., El Centro, Colombia, 30 
Ackerman, E. Dumont, Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A.. 
Ackers, A. L., Stanolind Oil & Gas Co., Box 591, Tulsa, 5 
Ackley, Kenneth A., Carter Oil Co., Box 11 51, Seminole, 38 
Adams, Elmo W., Honolulu Oil Corp., 215 Market St., San Francisco, Calif........ 30 
Adams, Frank C., consulting, 902 Electric Bldg., Houston, Tex.................. 27 
Adams, Kilburn E., The Texas Co., Box 2420, Tulsa, Okla...................5.. 38 
Adams, John Emery, Standard Oil Co. of Texas, Box 71, Gretna, La............. 29 
Addison, Carl Cc, Pure Oil Co. ., 402 Second Natl. Bank Bldg., Saginaw, Mich......’30 
| Adkisson, Albert, producer, 2019 W. T. Waggoner Bldg. 5 Fort Worth, Tex.......... "34 
| Afshar, Hadji Azadi, Khiaban Shahpur, Teheran, 30 
Agee, Flint H., Box 608, 738 
||Agey, Charles s., Amerada Petr. Boxoos; Wichita, Kan... 38 
Agnich, Fred J., 'N. V. Nederlandsche Pac. Petr. Mij., Paleisweg 33, Medan, 
Aguerrevere, Pedro I., Apt. 1253, Caracas, Venezuela, S. A................-006- 24 


Aguerrevere, Santiago E., Sur 3, No. 94, Caracas, Venezuela, S. A............... 24 
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Aimer, James D., Arkansas Nat. Gas Corp., Box 1734, Shreveport, La........... 26 
Ainsworth, David, 221 N. Pine Crest, Wichita, Kan..................000e0e005 23 
Akkerman, Richard Pete, J. Ray McDermott & Co., Inc., Houston, Tex.. a 


Alagood, Robert H. , Landreth Prod. Corp., 432 Nixon Bldg., Corpus Christi, Tex.. 
Albertson, Maurice M., Shell Oil Co., Inc., Box 2099, Houston, "20 
Albrecht, Helmuth, Burbach-Kaliwerke Aktiengesellschaft, Kaiser-Otto-Ring 9» 
Albritton, Claude C., Jr., Sex of Geology, Southern Methodist University, Dallas, 
Tex 


Alcorn, A. H., Atlantic Refg. Co., 1742 Milam Bldg., San Antonio, Tex........... "32 
Alexander, Cc. I., Geol. Dept., Magnolia Pets. Co., Tyler, "27 
Alexander, Clyde W., Phillips Petr. Co., Box 1729, Shreveport, La............... 38 
Allan, John Andrew, Univ. of Alberta, Edmonton, Alta., Canada................ "30 
Allan, Thomas H., 921 Union Natl. Bank Bldg., Wichita, Kan.................. 24 
Allen, Alton C., Rowan & Nichols Oil Co., 903 Trinity Life Bldg., Fort Worth, Tex. .’35 
Allen, Devere F., 3000 Sowers Court, Topeka, Kan................0cccceeceeees 29 
Allen, Donald M., Signal Oil Co., 612 Orpheum Bldg., Wichita, Kan............. 24 
Allen, Frank T., Gulf Research & Dev. Co., Box 2038, Pittsburgh, Pa........... 309 
Allen, Harris Hayes, Phillips Petr. Co., Bartlesville, Okla...................... "30 
Allen, Harry B., Dept. of Geology, Univ. of California at Los Angeles, 405 Hilgard 
Allen, Stanley R, Humble Oil & Refg. Co., ’812 Humble Bldg., Houston, Tex....... "35 
William Hammond, Shell Oil Co., Inc., Box 15009, Midland, 
Allen, William Odis, Jr., independent, 1331 E. Twenty-sixth St., Tulsa, Okla. .:...739 
Alquist, Francis Nelson, Dow Chemical Co., Midland, Mich................... 38 
Alvarado, Benjamin, Ministerio de la Economia, Carrera 13 No. 15-30, Bogota, 
Alvarez, Manuel, Jr., Ignacio Marsical 12-A, Mexico, D. F., Mex................ 5 
Ambrose, A. W., Cities Service Oil Co., Bartlesville, Okla....................... "19 
Ames, Edward W., consulting, Box'92t, Denver, Colo)... "19 
|| Andersen, Harold V., Route 1, Box 29-C, Birmingham, 
Anderson, Amil A., independent, 5424 Agnes Ave., N. Hollywood, Calif.......... "22 
Anderson, Carl B., Gulf Refg. Co., Box 482, Mattoon, "19 
Anderson, Carl C., U. S. Bureau of Mines, Box 2250, Amarillo, Tex.............. 32 
Anderson, Frank M. ., 58 Hill Crest Rd., Berkeley, "24 
Anderson, George H., Texas Power & Light Co., 823 Interurban Bldg., Dallas, Tex. .’40 
\|Anderson, James B., Continental Oil Co., Los ORE 38 
Anderson, John G., Judge Bros., 815 Chronicle "at 
Anderson, Oscar S., Jn, Big Pour Petr, Co., Box A; Oilton, 309 
Anderson, Ray Ball, Columbian Carbon Co., Box 1240, Charleston, W. Va....... 24 
Anderson, T. C. Iliff, Pure Oil Co., 308 Hopkins Bldg., Bakersfield, Calif........ 740 
Anderson, Tom A., Geophysical Dept., Standard Oil Co. of La., Box 1739, Shreve- 
Anderson, W. D., Amerada Petr. Corp., Box 1366, Midland, Tex................ 127 
Andrau, E. W. K., consulting, Box 2408, Houston, Tex.................-+20000: 32 
Andrews, Philip, Socony-Vacuum Oil Co., Apt. 246, Caracas, Venzeuela, S. A.....’25 
Andrews, Thomas G., Univ. of Alabama, ‘University, 
||Andrews, W. W., Humble Oil & Refg. Co., Box 2180, Houston, Tex............. 36 
Applin, Paul i. , consulting, 2317 W. Magnolia, Fort Worth, Tex................ "Ig 
Archie, Gustave E., Shell Oil Co., Inc., Box 2099, Houston, Niet 38 
||Arellano, A. R. V., Ejercito Nacional’ 81, Dept. 2, Tacubaya, D. F., Mexico..... 38 
Argabrite, William Graeme, consultant, Box 33; Lewisburg, WW cars 
Arick, M. B., Apt. 1026, Ciudad Trujillo, Dominican 
Arleth, Karl, 2215 El Molino Place, San Marino, Calif....................0005. 39 


Armstrong, Earle N., Shamrock Oil & Gas Corp., Amarillo, Tex................. 33 


} 
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Armstrong, Harold K., consulting, 1002 Edison Bldg., Los Angeles, Calif......... 27 
Armstrong, J. M., consulting, Box g90, Midland, Tex..................00..005 18 
Arnold; Emmett L., Box Balboa, Canal Zone... 27 


Amold, Henry ce. British-American Oil Prod. Co., 505 Philtower Bldg., Tulsa, | 
||Arnold, Lincoln Merchant, Geologic Standards Co., 321 S. Detroit, Tulsa, Okla. . 
Aronson, Sam M., The Atlantic Refg. Co., 914 Giddens-Lane Bldg., Shreveport, La.. 


Ashauer, Hans F., The Texas Co., 117 Jefferson St., Coalinga, 37 
Ashley, Burton E, The Texas Co., Box 1801, Wichita, 
Ashley, Richard M., Arkansas Fuel Oil Co., Slattery Bldg., Shreveport, La....... "30 
Athy, Lawrence F., Geophysical Div., Continental Oil Co., Ponca City, Okla... . .’26 
Atwater, Gordon I., c/o William Helis, 912 Whitney Bldg., New Orleans, La....... 38 
Atwill, E. R., Union Oil Co. of Calif., 617 W. Seventh St., Los Angeles, Calif... .... 3 
Augenthaler, Robert L., The California Co., 1500 Petroleum Bldg., Houston, Tex.. .’38 
Aurand, Harry A., consulting, 1350 Bellaire St., Denver, Colo................... 


Aurin, Fritz L., Southland Royalty Co., 1607 Trinity Life Bldg., Fort Worth, Tex. . 

Autry, Vernon E., Fain-McGaha Oil Corp. ., 607 Hamilton Bldg., Wichita F alls, Tex.. 

Avery, C. Dwight, U. S. Geological Survey, 3240 Interior Bldg., North, ‘= Deri 


ber Jan A., Ned. Pac. Petr. Mij., Batavia C., Java, N. E.I.................. 37 
Babin, Logan H., 127 Columbus St., Houma, La... 38 
Bace, A. C., Stanolind Oil & Gas Co., Philcade Bldg., Tulsa, Okla............... 24 
eek: Denys H., Yuan Development Co., 1422 Esperson Bldg., Houston, Tex... .’37 
Backman, John E., Gulf Research & Dev. Co., Box 2038, Pittsburgh, Pa........ 30 
Bacon, Charles S., Jr., Geol. Dept., Texas A. & M. College, College Station, Tex...’29 
Baddley, E. R.,2027 State St, Santa Barbara, Calif... 36 
Bader, G. E., Humble Oil & Refg. Co., 802 Humble Bldg., "34 
\|Badoux, Heli, Iraq Petr. Co., Ltd., Box 1 5, Deir-ez-Zor, Syri A ee eerie 38 
Bailey, James P., South Mediterranean Oilfields, Ltd., 33 Sharia el Malika Farida, 
||Bailey, Joe E. L., 1201 E. Eleventh St., Winfield, Kan........................ 30 
Bailey, John J., Argo Oil Co., 2113 N. Colorado, Midland, Tex.................. 37 
Bailey, Thomas L., Shell Oil Co., Inc., Box 2099, Houston, Tex................. 24 
Bailey, Willard F., Skelly Oil Co., 419 Ardis Bldg., Shreveport, La............... oak 
Bain, Foster, c/o Bureau ot Mines, Manila; P: 1... 26 
Baird, C. A., Mene Grande Oil Co., Apartado 709, Caracas, Venezuela, S. A...... "21 
Baker, Arthur A., U. S. Geological Survey, Washington, D. C................... 30 
Baker, NY E., Near East Development Corp., Room 2611, 26 Broadway, New 
Baker, Raymond F., Geol. Dept., The Texas Co., 135 E. Forty-second St., New 
Baker, William A., Jr., consulting, 3218 Ewing St., Houston, Tex................ 24 
Bakke W. Mau. Hank, St: Louis, Mo... . 28 
||Baldwin, Ben F., Stanolind Oil & Gas Co., Box 591, Tulsa, Okla............... "30 
Baldwin, E. B., consulting, Eaperson Bidg., Houston, Tex... 
Bale, Hubert E., consulting, 433 Liberty Natl. Bank Bldg., Oklahoma City, Okla.. .’24 
Ball, John R. , Dept. of Geology, Northwestern University, Evanston, Iil......... ”40 
Ball, Max W., Abasand Oils, Ltd., Edmonton, Alta., Canada................... "19 
R. S., Jr., 3024 S. Clark Drive, Los Angeles, 
Tide Water Associated Oil Co., 323 Nixon Bldg., Corpus Christi, 
Ballard William Norval, 1105 N. E. Twentieth St., Oklahoma City, Okla........ 29 
Baltrusaitis, Edward Joseph, Gulf Refg. Co., Box 811, Saginaw, Mich............ 40 
Banks, Thomas R., 845 Milam Bldg., San Antonio, Tex a eer: 27 
Banta, H. E., Independent Exploration Co., 2011 Esperson Bldg., Houston, Tex... .’40 
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Barber, Clifford F., Forest Development Corp., 1229 Milam Bldg., San Antonio, | 
| Barbour, Richard Morton, Tide Water Associated Oil Co., Evansville, Ind....... = 
Barclay, Stewart, Geophysical Div., Phillips Petr. Co., Bartlesville, Gla. ....... 30 
Pendopo, Soengi Gerong, Palembang, Sumatra, 


Og Thomas, Gulf Research & Dev. Co., Box 2038, Pittsburgh, Pa......... 37 
— Thomas e. California-Arabian Standard Oil Co., Bahrein Island, Persian | 


BOP Victor: Burneal Petr. Co., 812 Subway Terminal Bldg., Los Angeles, Calif... ’2 


— M., Continental Oil Co., Edison Bldg., 601 W. Fifth St., Los Angeles, 
Barnett, D. G., Geol. Dept., Union Prod. Co., Beeville, Tex..................... "25 
Barnett, J. A., U.S. Geological Survey, Roswell, 28 
\| Barnett, John F., Jr., Apt. 367, Azua, Dominican 39 
Barnhart, Carl F., Amerada Petr. Gorp., Box Seminole, Tex: 
Barnwell, George F., New Zealand Petr. Co., Box 295, Gisborne, N. Zealand..... 28 


vn Kenneth William, Trinidad Leaseholds, Ltd., Pointe-a-Pierre, Trinidad, 
B.W.I 


’3 
Barragy, Edward J., Texas Gulf Prod. Co., 1311 Esperson Bldg., Houston, Tex... .’31 
Barret, William M., c/o William M. Barret, Inc., Giddens-Lane 'Bldg., Shreveport, 


Barrett, Albert F., General Petr. Corp., Casper, Wyo.................00000euee ”30 
||Barrett, John F., International Petr. Co., Guayaquil, Ecuador, S. A.............’40 
Barrow, Geoffrey, Island Exploration Co., Ltd., Daru, Papua................... "31 
Barrow, Leonidas T., Humble Oil & Refg. Co., Houston, Tex................... 22 
Barry, Gail’A., 28134 Rio Grande, Austin, Tex. 39 
Bartell, Laurence D., East Texas Refg. Co., Box 2510, Dallas; Tex... 27 
Bartle, Glenn G., Univ. of Kansas City, Kansas 4 797 
Bartlett, C. Lothrop, Sun Oil Co., Box 2831, Beaumont, Tex.................... 28 
Bartlett, Fred W., Socony-Vacuum Oil Co., 26 Broadway, New York, N. Y....... 24 
co Jerald Howard, University Lands, Box 1663, Midland, Tex...... . eens 30 

Barton, Jack M., Peabody Museum, Yale University, New Haven, Conn........ 38 
Barton, Louis A., Arkansas-Louisiana Gas Co., 1128 Slattery Bldg., Shreveport, 
Bartosh, E. J., Bankline Oil Co., 437 S. Hill St., Los 28 
Bartram, John G., Stanolind Oil & Gas Co., Box 591, Tulsa, Okla............... bY 
Bartram, Paul L., Phillips Petr. Co., Box 958, Ardmore, 27 
Barwick, John S.; Ranger Oil Co., 715 Union Natl. Bank Bldg., Wichita, Kan.....’24 
||Bass, Perry R., 2106 Fort Worth Natl. Bank Bldg., Fort Worth, 36 
Bassett, Charles F., Univ. of Kansas City, 5100 Rockhill Rd., Kansas City, Mo..... 28 
Bateman, A. F., Jr., 467 Custom House, Denver, Colo.....................0005 36 
Bateman, Alan M., Yale University, Drawer g1-A, Yale Station, New Haven, Conn.’20 
||Bates, Charles C., Carter Oil Co., Box 324, Holdrege, Neb.................... 40 
Bates, R. P., producer, Springer Bldg., Tulsa, 30 
||Bates, Robert L., New Mexico School of Mines, Socorro, N. Mex............... "40 
Bauermann, Max K. H., De Bataafsche Petr. Mij., 30 Carel van Bylandtlaan, The 
Bauernschmidt, A. J., Magnolia Petr. Co., Box 111, Houston, Tex............... 27 
Baughman, George W., Phillips Petr. Co., Wichita, Kan........................ 36 
Bay, Harry X., The Texas Co., Box 1737, Shreveport, La.................0.000. "30 
Baysinger, Eugene M., Box 210, Lake Charles, 
Beach, John H., Shell Oil Co., Inc., Box 999, Bakersfield, Calif.................. "37 
Beal, Carl consulting, 5658 Wilshire Blvd., Los Angeles, "19 
\|Beal, Carlton, Casitas Springs Station, Ventura, os 
Bean, Ward C., 2407 Berkeley Drive, Wichita Falls, ICTR ae 18 
Bear, Melvern F ., Sharon Drilling Co., 204 Derby Bldg., Wichita, Kan........... 36 


Beardsley, William R., Interstate Gas Co., Box 1087, Colorado Springs, Colo...... "40 
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Beatty, Robert M., 1710 Esperson Bldg., Houston, Tex.................2eeeeees 27 
Beck, A. F., Geophysical Dept., I. T. I. O. Co., Bartlesville, Okla..............00+5 27 
\|Beck, R. Stanley, Box 1109, Bakersfield, 38 
Beck, Robert W., Carter Oil Co., Box 568, Mattoon, Ill....................044- 36 
Beckelhymer, Roy L., Union Prod. Co., Box 2492, Houston, Tex................ 26 
||Becker, Dwight L., Amerada Petr. Corp. ., Drawer 2040, Tulsa, 
Becker, en Carroll, Seismograph Service Corp., 709 Kennedy Bldg., Tulsa, | . 
Becker, Sail C., Union Prod. Co., Box 2492, Houston, Tex................- 38 
||Beckmann, Lawrence J., Lago Petr. Corp., Apt. 172, Maracaibo, Venezuela, S. A..’38 
Beckwith, R. H., Geol. Dept., Univ. of Wyoming, Laramie, Wyo 38 
Beebe, ay W., California Inst. of Technology, Room 246, Arms Bldg., Pasadena, | 
Beekly, Albert L., Mid-Continent Petr. Corp., Box 381, Tulsa, Okla............. "19 
Beers, Roland F, Research Laboratory, Geotechnical Corp., 580 Massachusetts 
Behre, Charles H., Jr., Northwestern University, Evanston, Ill.................. *2 
Behrmann, Deutsche Vacuum Oel A.G., Spitalerstr. 12/IV, Hamburg 
Beilharz, “Carl 1 é, Pure Oil Co., 401 Sherman Bldg., Corpus Christi, Tex.......... 27 
Belknap, Ralph Univ. of Michigan, Ann Arbor, Mich..................0.00- "3 
Bell, Alfred H., State 28 
Bell, A. Lyndon, International Petr. Co., Ltd., Guayaquil, Ecuador, S. A......... 26 
Bell, Douglas E., Humble Oil & Refg. Co., Houston, Tex...................0005 26 
Bell, Frank W., Shell Oil Co., Inc., 205 Professional Bldg. ., Long Beach, Calif...... 29 
Bell, Harry Wesley, engineer, Rodessa Operators Committee, 206 Ward Bldg., 
Bell, Olin G., 5519 Jackson St., Houston, ’20 
\|Bemis, Harold C. -» 442 N. Greenleaf 
Benedum, Darwin, 1142 Milam Bldg., San Antonio, "27 
Robert L., Atlantic Refg. Co., 224 Nixon Bldg., Corpus — 05°30 
Benke, Roy, Atlantic Refg. Co., 224 Nixon Bldg., Corpus "30 
||Bennett, Ethel Evans, 4903 Bryce Ave., Fort Worth, 738 
Bennett, Johnson, B. O. D. Co., Ltd., Qaiyarah, "37 
Malcolm D., Jr., Continental Oil 30 
Bennett. en R., Division of Ground Water, U. S. Geological Survey, Washing- 
Benson, Dale L., Sinclair Prairie Oil Co., Box 480, Corpus Christi, Tex........... *25 
Benson, Don G., Sinclair Prairie Oil Co., Box 2411, Houston, Tex:.......:....... "31 
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HOUSTON GEOLOGICAL SOCIETY 
President, George S. Buchanan 
Vice-president, A. P. Allison 
Secretary, Leslie Bowling 
Treasurer, Dugald Gordon 
HOUSTON CONVENTION COMMITTEE CHAIRMEN 
General, Alexander Deussen, 1006 Shell Building 
Hotel and registration, Olin G. Bell, Humble Oil and Refining Company 
Scientific exhibits, Paul Weaver, Gulf Oil Corporation 
Program, Perry Olcott, Humble Oil and Refining Company 
S.E.P.M., Marcus A. Hanna, Gulf Oil Corporation 
S.E.G., H. B. Peacock, Geophysical Service Corporation 
Research laboratory tours, W. A. Clark, Jr., Schlumberger Well Surveying Corp. 
Technical equipment, Paul B. Leavenworth, Gulf Oil Corporation 
Invitations, Wayne F. Bowman, 2342 Rice Boulevard 
Field trips, J. A. Culbertson, Continental Oil Company 
Finance, Ben C. Belt, Gulf Oil Corporation 
Entertainment, George Sawtelle, Kirby Petroleum Company 
Publicity and pamphlet, C. D. Lockwood, 314 Second National Building 


Reception, Carleton D. Speed, Jr., Speed Oil Company 
Transportation, K. H. Crandall, Standard Oil Company of Texas 
Golf, Al Ferrando, Standard Oil Company of Texas 


ANNOUNCEMENT— INVITATION 

The twenty-sixth annual meeting of the Association will be held at the 
Rice Hotel in Houston, Texas, April 2,3, and 4, 1941. The Houston Geological 
Society cordially invites the members of the Association, their wives and friends. 

The fifteenth annual meeting of the Society of Economic Paleontologists 
and Mineralogists will be held on April 2, 3, and 4. The Society of Exploration 
Geophysicists will hold its eleventh annual meeting on April 1, 2, and 3. Both 
meetings will be at the Rice Hotel. Both societies are invited to attend the 
Association meetings, as well as the dance and other features. 


PRE-CONVENTION SESSIONS 

The S.E.G. will begin holding regular technical sessions on Tuesday, 
April 1, while the A.A.P.G. committees on Business, Applications of Geology, 
Research Groups and Publications will meet the same day. 

Of special interest to members attending the pre-convention sessions will 
be the Research Dinner and Round-Table Discussion to be held Tuesday 
evening. The subject of the Round-Table discussion will be ‘‘Possible Future 
Oil Provinces in the United States and Canada.” This discussion will be held 
under the chairmanship of A. I. Levorsen, who promises a very profitable 
evening with short résumés on these provinces by authorities. 


REGISTRATION 
Members and guests are urged to register as soon as possible after securing 
hotel accommodations. The registration counter will be in the Lounge, Second 
Floor, Rice Hotel, and will be open from Monday noon until the conclusion 
of the meetings. There will be no registration fee. 


SCIENTIFIC EXHIBITS 
Paul Weaver, chairman of this committee, has spent considerable time, 
money, and effort in order to make these exhibits outstanding. His recent 
exhibit for the G.S.A. in Austin was very favorably commented upon by all 
who were fortunate enough to see it. In addition, several of the universities 
will have private exhibits, most of which have not heretofore been shown. 


, 
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UNIVERSITY REUNIONS 
Luncheons and dinners for university groups can be arranged upon re- 
quest. Please contact the reception committee (Carleton D. Speed, chairman), 
as soon as possible so that space will be reserved. These arrangements should 
be made prior to arrival. 


Courtesy, Houston Chamber of Commerce 


San Jacinto memorial shaft at San Jacinto battleground, near Houston, marking 
spot where the Texas army under General Sam Houston defeated the Mexican army 
under Santa Ana, thus winning for Texas her independence. This structure is 567 feet 
high, 12 feet higher than the Washington Monument. 


FIELD TRIPS 


Houston is unique in the variety of field trips which can be offered from 
this city. There is the salt mine, where one can be lowered more than 1,500 
feet down a shaft and see huge chambers flanked by walls of salt; there are 
the sulphur vats and tanks where liquid sulphur is cooled, solidified, and 
stored; there are the mounds one unexpectedly encounters in an otherwise 
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featureless plain which express topographically the intrusions of salt masses; 
there is the drilling in bays and the Gulf of Mexico where specially designed 
water equipment is used; there are the paraffine-dirt beds, the sour-water 
lakes, and the gas seepages which led the first geologists to vast reserves of 
oil; there is the subsidence in the earth surface due to withdrawals of oil, 
sulphur, and salt water which formed underground caverns in the salt and 
dome material. 

In addition to the points of geologic interest, Houston has several points 
of historical interest to Texans and the Southwest. The San Jacinto Battle- 
field, where Texas won its independence from Mexico in 1836, is almost 
within the city limits. At this spot there has been erected a monument 570 
feet in height with a museum of Texas history in its base. Likewise, Galveston 
bay and beach, both of which have played important roles in Texas history, 
are near by. The beach is one of the finest laboratories known for the study of 
beach deposits. This island was formerly used by Jean LaFitte as his center 
of operations during the days of piratical raids. 


TECHNICAL PROGRAM 

This year the regular order of the program will be slightly changed. In- 
stead of having the joint sessions of the A.A.P.G., S.E.G., and S.E.P.M. with 
the presidential addresses on Wednesday, these will be held on Thursday and 
the regular technical sessions will be held Wednesday and Friday. For the 
joint meetings several prominent men in the industry have been asked to 
address the meeting after the presidential addresses. General papers on 
sedimentation, economic importance of various crude oils, and surface geology 
have been secured to be given by well known authorities in these fields of 
endeavor. Development papers will be read immediately preceding the 
technical papers on the district. 

GOLF 

The golf committee has arranged for luncheon and tournament at one of 
the country clubs on Friday, so bring your clubs with you. The Bostick Cup 
is at stake. 

LADIES 

And as for the ladies, we have just the thing: a style show. Don’t you 
geologists keep your wives home on this account. Styles are better and 
cheaper in Houston than anywhere in the World. That is, the Texas World. 
And music for the style show and luncheon by George Olson! 

We almost forgot to mention the garden tours and dance. The garden 
tour can’t be surpassed in the United States. The Garden Club of America 
selected Houston two years in succession in which to hold its convention be- 
cause of the beauty of the Houston gardens—azaleas and camellias will be 
in full bloom. Of course the dance is an occasion in itself. We need not mention 
that, but the same George Olson will play. For the music lovers, the St. Louis 
Symphony Orchestra under the direction of Vladimir Golschmann will play 
at the Music Hall on the night of April 1 (reservations should be made 
immediately with Mrs. Edna W. Saunders, c/o Levy Brothers, Houston, 
Texas). 

HOTELS 

The 26th annual meeting is attracting an exceptionally large number of 

members and friends. The several committees in charge of arrangements 
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request that you make your plans and reservations immediately. If you have 
not done so, the Hotel and Registration Committee advises you to wire your 
hotel immediately and request confirmation. The Rice, Lamar, Texas State, 
and Warwick are booked to capacity, and probably by the time this notice is 
published, very few rooms will be available in the other hotels. 

It is urged that reservations be made as early as possible as the hotel 
managements will not agree to hold any of the 1,550 rooms allotted to this 
convention beyond March 20. Reservations requested after March 20 will 
have no priority over regular guests. The hotels are prepared to handle regis- 
trations promptly on arrival; but if pre-arrival hotel registration and room 
assignment are desired, a request for such registration should be sent to Olin G. 
Bell, chairman, Hotel Committee, P.O. Box 2180, Houston, Texas, together 
with your check of draft for deposit of $10.00. The hotel, type, and price of 
room desired, and the date and hour of arrival should be mentioned. In case 
such arrangements are made the guest should immediately upon arrival report 
to the A.A.P.G. registration booth, Lounge, Second Floor, Rice Hotel, and 
present his confirmation of registration, where room keys will be furnished 
direct by the committee in these pre-registration instances. 

A special rate is available to STUDENTS only at the Rice Hotel. Groups 
of four to six students will be housed in large rooms equipped with individual 
beds and all modern conveniences at a cost of $1.25 per person provided that 
college department heads organizing these groups advise Olin G. Bell, P.O. 
Box 2180, Houston, Texas, before March 28, giving names and date of arrival 
of all students so that the proper number of rooms may be assigned. 


Hortets AND RATES 


Blocks Without Bath With Bath 
Hotel Rooms from Rice Single Double Single Double 
*Rice 1,000 $2.50 $4.00 
Wm. Penn ws 2.50 4.00 
*Warwick 153 5I 2.50 4.00 
Auditorium 175 2 286 4.00 
*Lamar 500 5 2.50 4.00 
*Texas State 400 3 2.50 4.00 
San Jacinto 300 3 $1.50 $2.50 2.50 4.00 
Ben Milam 250 6 2.50 4.00 
Sam Houston 200 3 2.50 4.00 
Cotton 175 3 2.50 4.00 
Plaza 102 51 2.50 4.00 
DeGeorge 150 6 2.00 3.00 2.50 4.00 
* Booked to capacity. 
TRANSPORTATION 


There is no special convention rate in effect on the railroads. You should 
see your local ticket agent about any seasonal or regional round-trip excur- 
sion rates that may be available. 


SCHEDULE OF EVENTS 
Perry Olcott, chairman of the program committee, announces the follow- 
ing schedule of events and list of papers. 
MONDAY, MARCH 31 
MORNING 
10:00 A.A.P.G. Executive Committee. President’s Suite. 
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AFTERNOON 


1:00 Registration: A.A.P.G., S.E.G., and S.E.P.M. Lounge, Second Floor. 
3:00 S.E.G. Executive Committee. Room E, Second Floor. W. T. Born, chairman. 


TUESDAY, APRIL I 
MORNING 


GENERAL COMMITTEE MEETINGS 
8:00 Registration. Lounge, Second Floor. 
8:00 A.A.P.G. Scientific Exhibits. Paul Weaver, chairman. Between Ballrom ond 
South American Room, Second Floor. 
A.A.P.G. Permian Group. Ronald K. DeFord, chairman. Pine Room, Second 
Floor. 
Technical Equipment Exhibits. Sam Houston Room and Foyers, Second Floor. 
A.A.P.G. Committee to Recommend a New Method of Electing Officers. George 


9:00 
S. Buchanan, chairman. Room B, Second Floor. 

9:00 A.A.P.G. Committee on Application of Geology. C. E. Dobbin, chairman. Room 
E, Second Floor. 

10:00 S.E.G. Technical Session. W. T. Born, chairman. H. B. Peacock, alternate. 
Ballroom, Second Floor. 

10:00 A.A.P.G. Business Committee. W. B. Heroy, chairman. Albert Gregersen, vice- 
chairman. Ed. W. Owen, secretary. Lacquer Room, Second Floor. 

10:00 A.A.P.G. Research Committee. A. I. Levorsen, chairman. French Room, Second 
Floor. 

10:00 —— Committee for Publication. R. E. Rettger, chairman. Room B, Second 
Floor. 


AFTERNOON 
RESEARCH COMMITTEE MEETINGS 
12:30 S.E.G. Luncheon. W. T. Born, chairman. South American Room, Room No. 1, 
Second Floor. 
A.A.P.G. Business Committee—continued. Lacquer Room, Second Floor. 
S.E.G. Technical Session. E. A. Eckhardt, chairman. Frank Goldstone, alter- 
nate. Ballroom, Second Floor. 
2:00 A.A.P.G. Research Committee Conference Groups: 
“Sedimentation and Reservoir Rock Conditions.” Wayne Galliher, leader. F. W. 
Rolshausen and W. C. Krumbein, assistants. South American Room, Room 
A, Second Floor. 
“Origin and Evolution of Oil.’”’? M. G. Cheney, leader. French Room, Second 
Floor. 
‘Migration and Accumulation of Oil.” F. M. Van Tuyl, leader. Ben Parker, 
assistant. Pine Room, Second Floor. 
“Relation of Oil Analyses to Stratigraphy.” L. Murray Neumann, leader. 
Room B, Second Floor. 
“Oil Field Waters.” L. C. Case, leader. Room E, Second Floor. 


EVENING 

6:30 A.A.P.G. Research Committee Dinner. A. I. Levorsen, chairman. South Ameri- 
can Room, Second Floor. Secure tickets at registration desk, Lounge, Second 
Floor. 

8:00 A.A.P.G. Resarch Committee. Round-Table Discussion on subject: ‘‘Possible 
Future Oil Provinces in the United States and Canada.” A. I. Levorsen, chair- 
man. M. G. Cheney, co-chairman. Ballroom, Second Floor. 

8:30 St. Louis Symphony Orchestra. Vladimir Golschmann, conducting. Music Hall, 
four blocks West. Reservations should be made with Edna Saunders, c/o Levy 
Bros., Houston. 


WEDNESDAY, APRIL 2 
MORNING 
GULF COAST AREA 


7:30 Registration. Lounge, Second Floor. 
8:00 A.A.P.G. Scientific Exhibits. Between Ballroom and South American Room, 


Second Floor. 
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A.A.P.G. Permian Exhibits. Pine Room, Second Floor. 
Technical Equipment Exhibits. Sam Houston Room and Foyers, Second Floor. 
9:30 S.E.G. Technical Session. Andrew Gilmour, chairman. Henry C. Cortes, alter- 
nate. South American Room, Second Floor. 
9:30 —— Technical Session. Carey Croneis, chairman. Lacquer Room, Second 
Floor. 
9:30 A.A.P.G. Opening General Technical Session. (Presidential speeches ef cetera to 
be heard at joint session with S.E.G. and S.E.P.M. on Thursday morning.) 
George S. Buchanan, chairman. Alexander Deussen, alternate. Ballroom, 
Second Floor. 


Address of Welcome, Neal Pickett, Mayor of Houston (10 minutes). 


9:40 Response, George S. Buchanan, president, Houston a Society. 
9:50 Open Technical Session by L. é. Snider, president, A.A.P.G. 
10:00 A.A.P.G. Technical Session, Gulf Coast District. George S. Buchanan, chairman. 
O. L. Brace, alternate. Ballroom, Second Floor. 
12:00 Ladies Style Show and Luncheon. Rice Roof. Purchase tickets at registration 
desk, Lounge, Second Floor. Tickets, $1.00 each. 
Music by George Olson; Styles by Sakowitz. 


AFTERNOON 
SOUTH TEXAS AND WEST TEXAS AREAS 


1:30 A.A.P.G. Announcements, Nominations of Officers, Appointments of Com- 
mittees. L. C. Snider, chairman. Ballroom, Second Floor. 

1:30 S.E.G. Technical Session. R. D. Wyckoff, chairman, Herbert Hoover, Jr., 
alternate. South American Room, Second Floor. 

1:30 S.E.P.M. Technical Session. John R. Sandidge, chairman. Lacquer Room, 
Second Floor. 

2:00 A.A.P.G. Technical Session, South Texas Area. Fred P. Shayes, chairman, 
Gentry Kidd, alternate. Ballroom, Second Floor. 

3:30 A.A.P.G. Technical Session, West Texas Permian Basin and Southeastern New 
Mexico. Robert E. King, chairman. Ronald K. DeFord, alternate. Ballroom, 
Second Floor. 


THURSDAY, APRIL 3 ° 
MORNING 


PRESIDENTIAL ADDRESSES AND SPEECHES 


7:30 Registration. Lounge, Second Floor. 
8:00 Ballot Boxes open until 5:00 p.m. Headquarters Booth, Second Floor. 
8:00 A.A.P.G. Scientific Exhibits. Between Ballroom and South American Room, 
Second Floor. 
8:00 A.A.P.G. Permian Exhibits. Pine Room, Second Floor. 
Technical Equipment Exhibits. Sam Houston Room and Foyers, Second Floor. 
8:00 A.A.P.G. Committee on Geologic Names and Correlations. John G. Bartram, 
chairman. Breakfast Meeting. Room E, Second Floor. 
9:00 Joint Session, A.A.P.G.,S.E.G., and S.E.P.M. L. C. Snider, chairman. Alexander 
Deussen, alternate. Ballroom, Second Floor. 
Introduction and Thanks by Alexander Deussen (10 minutes). 
Presidential Addresses (20 minutes each): 
A.A.P.G., L. C. Snider, Department of Geology, University of Texas, ‘‘Petro- 
leum Geologists in the National Defense Program.” 
S.E.G., W. T. Born, Geophysical Research Corporation, Tulsa, Oklahoma, 
“The Future of Geophysics. 
S.E.P.M., Carey Croneis, Walker Museum of Paleontology, University of 
Chicago, “Micropaleontology Past and Future.” 
Special Addresses (30 minutes each): 
Robert E. Wilson, president, Pan-American Petroleum and Transport Com- 
pany and in charge of Petroleum Section, Raw Materials Division, Ad- 
a Commission to the Council of National Defense, ‘‘Petroleum and the 
ar. 
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INTERMISSION, 10 MINUTES 


J. Edgar Pew, vice-president, Sun Oil Company, Philadelphia, Pennsylvania. 
“The Fifth Dimension in the Oil Industry.” 
N. C. McGowen, president, United Gas Pipe Line Company and Union Pro- 
ducing Company, Shreveport, Louisiana. 
12:00 T.C.U. Luncheon, Gayle Scott, chairman. Room FE, Second Floor. 
12:00 University of Chicago Luncheon, informal. Pine Room, Second Floor. 
12:00 Final registration period for all field trips, tours, and golf tournament. Lounge, 
Second Floor. 
AFTERNOON 


GENERAL PAPERS AND ROCKY MOUNTAIN AREA 


1:30 Ladies Garden Tour. Register and secure tickets at desk in Lounge, Second 
Floor. No charge. Transportation will be at Texas Street entrance of the Rice 
Hotel. 
1:30 Joint Session, A.A.P.G., S.E.G., and S.E.P.M. J. M. Vetter, chairman. Edgar 
W. Owen, alternate. Ballroom, Second Floor. 
General Papers: 
Edgar W. Owen, secretary-treasurer, A.A.P.G., with L. W. Wentz, San 
Antonio, Texas (25 minutes). 
L. W. Storm, Schlumberger Well Surveying Corporation, Corpus Christi, 
Texas, ‘‘Resume of Current Opinion on Larger Features of Sedimentation 
in the Gulf Coast Region of Texas and Louisiana” (30 minutes). 
H. D. Wilde, Humble Oil and Refining Company, Houston, Texas, ‘‘Why 
Crudes Differ in Value” (25 minutes). 
Basil B. Zavoico, Chase National Bank, New York City, ‘“‘Foreign Develop- 
ments during 1939 and 1940” (20 minutes). 
P. E. Fitzgerald, J. R. James, Ray Austin, Dowell, Inc., Tulsa, Oklahoma, 
‘Laboratory and Field Observations of the Effect of Acidizing Oil Reservoirs 
Composed of Sand’? (15 minutes). 


INTERMISSION, MINUTES 


3:35 A.A.P.G. Technical Session, Rocky Mountain Area. Harold N. Hickey, chair- 
man. C. E. Dobbin, alternate. Ballroom, Second Floor. 

3:30 S.E.P.M. Research Committee. W. H. Twenhofel, chairman. Lacquer Room, 
Second Floor. 

5:00 S.E.P.M. Council Meeting. Carey Croneis, chairman. Room E, Second Floor. 


EVENING 


g:oo Joint A.A.P.G. S.E.G., and S.E.P.M. Dance and Breakfast. Buy Tickets in 
Lounge, Second Floor, before noon Thursday. Tickets, $3.00 each. Ballroom, 
Second Floor. Music by George Olson. 


FRIDAY, APRIL 4 
MORNING 


SOUTH MID-CONTINENT AND CENTRAL AND EASTERN STATES 


8:00 Registration. Lounge, Second Floor. 
8:00 Scientific Exhibits. Between Ballroom and South American Room, Second Floor. 
A.A.P.G. Permian Exhibits. Pine Room, Second Floor. 
Technical Equipment Exhibits. Sam Houston Room and Foyers, Second Floor. 
g:oo A.A.P.G. Tours through Houston Research Laboratories. Register at booth in 
Lounge, Second Floor, before noon Thursday. W. A. Clark, chairman. 
Transportation at Texas Street entrance of Rice Hotel. Transportation, $1.00. 
g:oo A.A.P.G. Technical Session, South Mid-Continent Area. L. W. MacNaughton, 
chairman. J. R. Seitz, alternate. Ballroom, Second Floor. 
9:30 ey Technical Session. Gayle Scott, chairman. Lacquer Room, Second 
Floor. 

10:00 A.A.P.G. Field Trip to Hockley Salt Mine. Bus leaves Texas Street entrance of 
Rice Hotel, returning about 1:30 P.M. Trip is limited to 25 men, so register 
before noon Thursday in Lounge, Second Floor. A. G. Wolf, conducting. 
Transportation Fee, $1.50. 

10:30 A.A.P.G. Technical Session, Central and Eastern States. L. M. Clark, chairman. 
A. H. Bell, alternate. Ballroom, Second Floor. 
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11:00 S.E.P.M. Annual Business Meeting. Carey Croneis, chairman. Lacquer Room, 
Second Floor. 

12:00 Humble Oil and Refining Company Luncheon. South American Room, Room 
No. 1, Second Floor. 


AFTERNOON 
BUSINESS MEETING, NORTH MID-CONTINENT AND CALIFORNIA AREAS 


1:00 Cars leave Main Street entrance of Rice Hotel for Brae Burn Country Club for 
Gulf Tournament which starts at 1:30. Players must register before noon 
Thursday in Lounge, Second Floor. Greens Fee and Transportation, $1.50 
each. Bostick Cup and several other prizes to be awarded at Club immediately 
after the tournament. Al Ferrando, chairman. 

1:00 Field Trip to Galveston Bay Water Drilling. Leave from Texas Street entrance 
of Rice Hotel by bus to Clifton-by-the-Sea; from there a 3-hour trip by water, 
returning to Houston about 6 p.m. Register before noon Thursday in Lounge, 
Second Floor. Transportation $1.50. J. A. Culbertson, chairman, E. J. Hamner, 
conducting. G. J. Smith, O. C. Clifford, assistants. 

1:30 A.A.P.G. Twenty-Sixth Annual Business Meeting and Announcement of Elec- 
tion Results. L. C. Snider, chairman. Henry A. Ley, alternate. Ballroom, 
Second Floor. 

2:00 A.A.P.G. Tours through Houston Research Laboratories. Start from Texas 
Street entrance of Rice Hotel. Register before noon Thursday in Lounge, 
Second Floor. W. A. Clark, chairman. Transportation, $1.00. 

2:30 A.A.P.G. Technical Session, North Mid-Continent Area. Anthony Folger, 
chairman. Joseph L. Borden, alternate. Ballroom, Second Floor. 

3:00 A.A.P.G. Field Trip to Hockley Salt Mine. Bus leaves Texas Street entrance 
of Rice Hotel, returning about 6:30 P.M. Register before noon Thursday 
in Lounge, Second Floor. Trip is limited to 25 men. Transportation $1.50. 
M. A. Hanna, conducting. 

3:30 A.A.P.G. Technical Session, State of California. Frank Hudson, chairman. 
Earl B. Noble, alternate. Ballroom, Second Floor. 


SATURDAY, APRIL 5 
MORNING 


9:00 Field Trip to Pierce Junction, Hastings, Galveston, Hoskins Mound, Sulphur 

Mine, West Columbia, Damon Mound, and return. Leave by bus from Texas 

Street entrance of Rice Hotel. Register before noon Friday in Lounge, Second 

Floor. Return about 6:30 p.m., Transportation $2.50. M. M. Sheets, James 

K. Rogers, Jerome S. Smiser, Wayne Bowman, John M. Brokaw, conducting. 

10:00 A.A.P.G. Joint Meeting of Retiring and Incoming Executive Committees. 
Pine Room, Second Floor. 


PAPERS TO BE PRESENTED 


O. L. Brace—Review of Developments in 1940, Gulf Coast and Upper Texas and 
Louisiana. 

Ursan B. HucHes—Developments in Mississippi in 1940. 

Tom McGtotuimn—Notes on the Geology of Mississippi. 

Cart B. RicHarpsoON—A Comparative Study of the Origin and Distribution of the 
Gulf Coast Tertiary Sediments. 

C. B. Roacn—A Subsurface Study of the Jennings Dome, Acadia Parish, Louisiana. 

A. N. Wrtson—Basal Vicksburg Sand of the Texas Gulf Coast. 

Micuet T. Hatsouty—Oil and Gas Stratigraphic Reservoirs in the University Oil 
Field, East Baton Rouge Parish, Louisiana. 

Dorortuy A. Junc and Doris S. Markin—Marine Sedimentation and Oil Accumula- 
tion on the Gulf Coast. 

CLARENCE E. BREHM—The Pickens Pool, Yazoo County, Mississippi. 

S. Russert Casey and Ratpo B. Cantrett—The Davis Sand Lens, Hardin Field, 
Liberty County, Texas. 

— M. Witson—The Geology of the South Cotton Lake Field, Liberty County, 

exas. 

F. Martyn and Cuartes H. SampteE—Oligocene Stratigraphy of the East White 

Point Field, San Patricio County, Texas. 
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A. W. WreEks—Late Cenozoic Deposits of Texas Coastal Plain between Brazos River 
and Rio Grande. 

H. B. Stenzet—Sedimentary Cycles in the Eocene of the Texas Gulf Coastal Plain. 

Taytor Core, Rosert I. Dickey, and EpGar Kraus—Developments in West Texas 
and Southeastern New Mexico. 

W. T. ScHNEWER—Geology of the Wasson Field, Gaines and Yoakum Counties, Texas. 

W. M. Osporn—The Stratigraphic Trap of the Slaughter Field of West Texas. 

W. A. WaLpscumipt—Progress Report on Microscopic Examination of Permian Crude. 

Taytor Core—Subsurface Study of the Ellenburger Formation in West Texas. 

L. W. Storm—Résumé of Current Opinion on Larger Features of Sedimentation in 
the Gulf Coast Region of Texas and Louisiana. 

H. D. WirpE—Why Crudes Differ in Value. 

Basix B. Zavoico—Foreign Developments During 1939 and 1940. 

P. E. FitzGrerap, J. R. James, Ray Austrn—Laboratory and Field Observations of 
the Effect of Acidizing Oil Reservoirs Composed of Sand. 

C. E. Dopprn—Developments in Rocky Mountain Region in 1940. 

Harry OsornE—Paleozoic Correlation between the Rocky Mountain Front Range 
and the Texas-Oklahoma Panhandle. 

W. A. WaLpscumipt—Results of Petrographic Studies of Sandstone Cores from Rocky 
Mountain Structures. 

W. C. TorpELMAN—Microfaunas of the Niobrara and Benton in the Foothills of 
Northern Colorado. 

H. F. Smrtey—New Developments in North and West Central Texas, 1940. 

W. J. HitseweckK—The Walnut Bend Pool of Cooke County, Texas. 

H. N. Fisk—The Midway-Wilcox Deltaic Mass. 

J. O. Barry—Correlation of Wilcox Faunal Units of Louisiana. 

R. J. LEBLanc—Correlation of the Upper Midway Fauna of Louisiana. 

Grover Murray, Jr.—Midway Stratigraphy of the Sabine Uplift. 

AtrreD H. Bett—Oil and Gas Development in the Eastern Interior Basin in 1940. 

Pau H. Price and A. J. W. HEADLEE—The Geochemistry of Natural Gas in the 
Appalachian Province. 

E. T. Heck—Gay-Spencer-Richardson Oil and Gas Trend in West Virginia. 

Max W. Batt, T. J. WEAVER, and Douctas S. Batt—Shoestring Sand Gas Fields of 
Michigan. 

L. E. Workman and I. T. ScowapE—Subsurface Strata between the Base of the Osage 
Group and the Top of the Devonian Limestone in Illinois. 

JosepH PuRzER and WARREN B. WEEKS—Development in Southern Arkansas and 
Northern Louisiana during 1940. 

Leo Henpricks—Correlation of Subsurface Sections with Outcrops of the Ellenburger 
Formation of Texas. 

James L. Cartton—Geology of Bartelso Oil Field, Clinton County, Illinois. 

Park J. Jones—Introduction to a Technique for Estimating Oil Reserves. 

R. P. Grant—Oil and Gas Developments in Michigan in 1940. 

Epwarp A. KorstEr—Developments in North Mid-Continent in 1940. 

LuTHER KEenneEpy e¢ al.—Occurrence of Oil in Pennsylvanian Sand Stratigraphic Traps 
in Eastern Oklahoma and Southeastern Kansas. 

Epwin A. Dawson—Eastern Oklahoma. 

J. A. Mutt—Stream Channels Applied to the Arbuckle of the Central Kansas Uplift. 

EuGeNne H. Vattat—Brief Review of Exploration Work in California during 1940. 

Ro.tiin Ecxis—The Stevens Sand, Southern San Joaquin Valley, California. 

E. yi GALLIHER and E. R. Atwitt—Methods of Stratigraphic Study Used in Cali- 
ornia. 

R. W. SHERMAN—Del Valle Oil Field, Los Angeles County, California. 

ALex CLARK—Pre-Miocene Stratigraphy of Bakersfield Area, California. 

A. F. Woopwarp—Recently Discovered Middle Miocene Production in the Inglewood 
Oil Field. 

WrtraM W. Porter II and Paut P. Goupkorr—Age of Shale in Amoura-Uscari Area, 
Costa Rica. 
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PAST AND PRESENT OFFICERS OF THE ASSOCIATION 


— Al President Vice-President! 
1917 Tulsa J. Elmer Thomas Alex. Deussen M. G. Mehl 
1918 Oklahoma City Alex. Deussen I. C. Whitet* W. E. Wrather 
1919 Dallas I. C. White+* Irving Perrine C. E. Decker 
1920 Dallas W. E. Pratt Alex. W. McCoy C. E. Decker 
1921 Tulsa G. C. Matson G. C. Gester C. E. Decker 
1922 Oklahoma City W.E.Wrather Max W. Ball C. E. Decker 
1923 Shreveport Max W. Ball F. W. DeWolf C. E. Decker 
1924 Houston J. H. Gardner E. G. Gaylord C. E. Decker 
1925 Wichita E. L. DeGolyer R.S. McFarland C. E. Decker 
1926 Dallas Alex. W. McCoy C.R.McCollom Fritz L. Aurin 


1927. Tulsa 


1928 San Francisco .S. McFarland J. E. Elliott David Donoghue 


L 
¢ 

5 : Gester Luther H. White David Donoghue 
n 


1929 Fort Worth J. Y. Snyde Fred H. Kay A. R. Denison 
1930 New Orleans Sidney Powers? Ralph D. Reed? Marvin Lee 
1931 San Antonio L. P. Garrett L. C. Decius Frank R. Clark 
1932 Oklahoma City F.H. Lahee R. J. Riggs W. B. Heroy 
1933 Houston Frank R. Clark George Sawtelle |W. B. Heroy 


1934 Dallas W. B. Heroy E. B. Hopkins'® M. G. Cheney 
1935 Wichita A. I. Levorsen F. A. Morgan E. C. Moncrief 
1936 Tulsa Ralph D. Reed® = C. E. Dobbin Chas. H. Row 
1937 Los Angeles H. B. Fuqua C. L. Moody Ira H. Cram 
1938 New Orleans D. C. Barton® H. W. Hoots Ira H. Cram 
1939 Oklahoma City Henry A. Ley L.M. Neumann = Ed. W. Owen 
1940 Chicago L. C. Snider John M. Vetter Ed. W. Owen 


1 From March, 1929, to March, 1932, the corresponding office was first vice-president. 
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. A. Ver Wiebe 


2 From March, 1929, to March, 1932, the corresponding office was second vice-president in charge of finances. 
3 From March, 1929, to March, 1932, the corresponding office was third vice-president in charge of editorial work. 


4 Died, November 25, 1927. 
5 Died, January 3, 1940. 

6 Died, January 10, 1939. 

7 Died, November 5, 1932. 
8 Died, January 29, 1940. 

8 Died July 8, 1939. 

10 Died, July 1940. 


H 
= 
Editor® 
H. Taylor i 2 
H. Taylor 
H. Taylor i 
C. Moore 
-C. Moore H 3 
C. Moore 
C. Moore 
C. Moore 
C. Moore 
L. Rich i 
L. Rich 
L. Rich 
H. Lahee i 
H. Lahee 
H. Lahee i 
D. Reed® 
C. Snider 
C. Snider 
C. Snider : 3 
C. Snider 
. A. Ver Wiebe Re 
. A. Ver Wiebe - 
. A. Ver Wiebe ee 
t 
a 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 25, NO. 3 (MARCH, 1941), PP. 546-550, 1 FIG. 


H#emorial 


MARIUS ROBINSON CAMPBELL 
(1858-1940) 


Marius R. Campbell, principal geologist, United States Geological Survey 
(retired), died at Pinellas Park, Florida, December 7, 1940, in his eighty- 
second year, after a long illness. 

Campbell’s great grandfather, William Marshall, was a Quaker who came 
to America from England in the pre-Revolutionary war period and settled 
near Philadelphia. He was a conscientious objector to war and, refusing to 
take up arms against England when the colonies revolted, he was practically 
driven from Pennsylvania. Marshall went to South Carolina, where he was 
joined by Isaac Davis, a Welshman, and James Campbell, a Scotchman. 
Finding conditions in South Carolina little different from those in Pennsyl- 
vania, Campbell and Davis, who had married daughters of Marshall, moved 
to the Western Reserve and settled about 40 miles southeast of Cleveland, 
Ohio. There, in 1852, Campbell’s son Alvah, who was a carpenter, married 
Davis’ daughter Eliza. In 1854 Alvah and Eliza Campbell, deciding to try 
their fortune farther west, moved to Garden Grove, Iowa, where Marius R. 
Campbell was born, September 30, 1858. 

The Campbells, after spending a few years in Iowa, returned to their 
former home in Ohio, where Marius grew up. His father purchased a small 
farm, but suffered so much from asthma that he could do only small jobs at 
carpentry, and Marius did most of the farm work. He went to school whenever 
there was a favorable opportunity and attended a business college in Cleve- 
land. There he “worked so steadily that [he] was elevated to a professorship 
at a reasonable salary.” 

After he had spent about a year teaching in the business college a friend, 
who had recently graduated from Ohio State University, told him that he 
planned to become a railroad construction engineer. This fired Campbell’s 
ambition and he decided to do likewise. He resigned his position at the busi- 
ness college and went to Columbus, where he presented his case to the faculty, 
stating that he could not take a complete course in engineering but that he 
wanted enough to take up the work of railroad construction. His request was 
granted with the proviso that he could not obtain a degree, and Campbell 
selected the following courses for the year 1885-86: railroad construction, 
geology under Professor Edward Orton, higher mathematics, astronomy, and 
chemistry. In all of these courses he “stood with the highest.” 

Campbell wrote concerning his work at the university: 

I was at once fascinated by the teaching of Professor Edward Orton, the State 
Geologist of Ohio, and I volunteered to assist him in preparing his manuscripts and 
illustrations. I was a fairly good draftsman and I assisted him in the preparation of much 
of his material. In return he frequently took me with his classes to study geology in the 
field, and we frequently went as far as Cincinnati. He also sent me on special trips to 
the various oil fields. I shall never forget his kindness and his earnest endeavor to 
acquaint me with the fascinating features of geology. 


‘ In preparing this memorial the writer has ysed some biographical notes written by 
Mr. Campbell a short time before his death. 
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While working at the State University an offer of a job on railroad con- 
struction in Illinois was accepted by Campbell and carried through to com- 
pletion. He then taught in a business college at Albany, New York. Before 
the end of the second year’s work at Albany, Campbell received a letter from 
Orton asking why he had not tried for a position on the United States Geo- 


Blakeslee Klintworth, Tampa 
Marius R. CAMPBELL 


logical Survey. Campbell answered that he did not know of such an organiza- 
tion and that he had some doubts about his ability to do geologic work. To 
this Orton replied that he had arranged for Campbell’s appointment as 
assistant on one of the Survey’s field parties. Reporting for duty at Washing- 
ton, July 1, 1888, Campbell was assigned as assistant to C. W. Hayes, by 
Major Powell, director of the Survey. : 

This appointment proved to be the turning point in Campbell’s career. 
Hayes, a highly trained and brilliant geologist, soon realized that his raw 
recruit had the “makings” of a geologist and Campbell recognized his good 
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fortune in being assigned to Hayes. They became devoted friends and as a 
result of the training he received, Campbell in 1890, after two seasons of 
work in the Appalachian region, was given charge of a party in the Tennessee 
coal field. 

Thereafter Campbell’s advancement was assured. He spent the succeeding 
13 years in detailed stratigraphic, structural, and economic work in the coal 
fields of Tennessee, Kentucky, Virginia, West Virginia, and Pennsylvania. 

One of the interesting events in Campbell’s early work in the coal fields 
was the checking of correlation of the coal measure beds as determined by 
tracing in the field against paleobotanical work by David White. Up to the 
time of White’s work in the eighteen nineties, paleobotany was not considered 
of much value in detailed correlation. David White had, however, through 
close study of a large collection of Carboniferous plants in the National 
Museum, concluded that they constituted a valuable guide to the age of the 
formation in which they occurred. White spent three field seasons with 
Campbell, with complete agreement between them, although at that time 
there were considerable differences of opinion among geologists concerning 
the correlations. 

In 1900 Campbell was given supervision of the codperative geologic work 
in Pennsylvania between the recently established Topographic and Geologic 


Survey Commission of Pennsylvania and the United States Geological - 


Survey. This work resulted in the publication of folios and bulletins on numer- 
ous quadrangles in the coal, oil, and gas fields of western Pennsylvania, which 
were mapped in more detail than previously had been done, and the geologic 
structure was shown by structure contours which have proved so useful in 
depicting the structure of oil and gas fields. Campbell was among the first to 
use structure contours, in his map in the Pocahontas folio published in 1896. 
In recognition of this pioneer detailed stratigraphic and structural work in the 
eastern coal, oil, and gas fields, Campbell many years later was elected an 
honorary member of the American Association of Petroleum Geologists. 

From these activities in the eastern coal fields, Campbell was assigned in 
1904 to the western coal fields in connection with the Louisiana Purchase 
Exposition at St. Louis. Campbell was appointed one of a committee of three, 
the others being Joseph A. Holmes and Edward W. Parker, to have charge 
of the fuel-testing plant at St. Louis. The object of the plant was to test in 
various ways the great variety of coals west of the Mississippi River to deter- 
mine their best use. Campbell’s share of the work was to obtain carload lots 
of representative coal from the principal western fields. 

An eventual outcome of the work of the coal-testing plant was the organi- 
zation of the United States Bureau of Mines in 1910. This work also stimu- 
lated the systematic study of the coal fields in the western states by the 
United States Geological Survey. In 1906 a section of Economic Geology of 
Fuels was established in the Division of Geology and Campbell was desig- 
nated geologist in charge, to have general supervision of investigations of coal, 
lignite, peat, oil, and gas by the Geological Survey. 

Prior to 1905 the United States Geological Survey had made no effort to 
examine and map the coal fields of the western states in detail. There was 
little systematized knowledge about the quantity and quality of coal on the 
public lands, and the sale of coal lands had no scientific basis. In 1906, acting 
under instructions from President Theodore Roosevelt, the Secretary of the 
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Interior withdrew from entry 64 million acres of supposed coal lands and the 
Geological Survey was commissioned to classify this land and appraise its 
value. By 1908 the first reasonably accurate map of the coal fields of the 
country was prepared on which the coal fields were classified according to the 
rank of the coal. The map also showed an estimate of tonnage of coal in the 
ground. This was the first attempt to make a quantitative estimate of the 
coal reserves of the entire country. 

The next attempt to improve this map and the estimates of tonnage was 
made by Campbell on the invitation of the executive committee of the 12th 
International Geological Congress held at Ottawa, Canada, in 1913. The re- 
sults are incorporated in the report (Vol. 1) on the coal resources of the world. 

In 1908 Campbell in a memorandum to the director of the Geological 
Survey suggested the desirability of the Survey’s publishing a series of guide- 
books, to be written in popular language, describing the geology along the 
routes of the principal transcontinental railroads, the object being to interest 
the traveler in what he sees from the car window. The suggestion was adopted 
and Campbell prepared the first and fifth of the guidebooks—on the Northern 
Pacific route (Bulletin 611) and the Denver and Rio Grande Western route 
(Bulletin 707). Parts of the field seasons 1910 to 1913 were spent by Campbell 
in a study of the physiography, stratigraphy, and structure of Glacier National 
Park. 

Campbell was a life-long student of physiography and, as opportunity 
permitted, throughout his career he wrote papers on the development of the 
earth’s surface. In 1893, five years after joining the Survey, he prepared, with 
C. W. Hayes, a paper on the geomorphology of the Southern Appalachians, 
which “placed the authors in the front rank of American physiographers.’” 
Among his papers on physiography the following titles indicate the scope of 
his interests: ‘Erosion at Base Level,” ““Tertiary Changes in the Drainage of 
Southwest Virginia,” “Hypothesis to Account for Extra-Glacial Abandoned 
Valleys of the Ohio Basin,” ‘‘Geomorphic Development of Northern Penn- 
sylvania and Southern New York,” “Origin of Scenic Features of Glacier 
National Park.’”’ At the time of his death he had practically completed an 
elaborate catalogue of geomorphic terms. 

Campbell was the author of many official reports of the Geological 
Survey, including 15 folios of the Geologic Atlas of the United States and 
numerous bulletins. Also, he wrote many papers that were published in 
scientific journals. 

He served as a member of the Geological Survey’s Land Classification 
Board, as chairman of the physiographic committee, and as chairman of the 
committee on formation names. He retired from the Survey in 1932 at the 
age of 74. The last years of his life were spent in Florida. 

He was a member of many scientific societies, including the Geological 
Society of America, the American Institute of Mining and Metallurgical 
Engineers, Geological Society of Washington (president, 1908), Association 
of American Geographers (president, 1927), Society of Economic Geologists 
(president, 1930), American Association of Petroleum Geologists (elected 
honorary member in 1934). He was a member of the Cosmos Club, of Wash- 
ington, D. C. 

2 Alfred H. Brooks, ‘Memorial of Charles Willard Hayes,” Bull. Geological Society 
of America, No. 28 (1917). 
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Campbell had a charming personality and endeared himself to those who 
came in close contact with him. Especially is this true of the many young 
geologists who, as his assistants, knew him intimately and had the benefit of 
his personal training. Several score of men who became leading geologists of 
the country owe their success in no small degree to their association with 
Mr. Campbell. 

Marius Campbell, on November 5, 1890, married Margaret Stevenson, of 
Middletown, New York, who survives him. Their marriage was ideally happy 
and they celebrated their soth anniversary a month before Mr. Campbell’s 
death. 

G. B. RIcHARDSON 


WASHINGTON, D. C. 
January, 1941 


_ (Continued from p. 445) 

Gid Calmese Mayfield, Dallas, Tex. 

L. W. MacNaughton, Robert H. Cuyler, Albert E. Oldham 
Joseph Bode Mountjoy, Atlanta, Il. 

Delmar R. Guinn, W. D. Anderson, Carl F. Barnhart 
Thomas Jefferson Newbill, Jr., San Francisco, Calif. 

H. F. Davies, W. O. Thompson, J. M. Kirby 
Donald L. Norling, Wichita Falls, Tex. 

L. R. Fortier, R. E. Shutt, W. C. Bean 
Manley Osgood, Jr., Saginaw, Mich. 

Kurt H. de Cousser, Raymond S. Hunt, Jed B. Maebius 
Lowell Edwin Redwine, Shafter, Calif. 

E. K. Soper, W. S. W. Kew, M. Van Couvering 
Parry Reiche, Albuquerque, N. Mex. 

C. E. Needham, Carlton D. Hulin, Georges Vorbe 
William Thomas Rothwell, Jr., Long Beach, Calif. 

H. W. Hoots, M. L. Natland, Frank A. Morgan 
John William Ruth, Arcadia, Calif. 

W. S. W. Kew, G. C. Gester, Herschel L. Driver 
Melville William Sherwin, Dallas, Tex. 

Stanley G. Elder, H. J. Weeks, H. L. Griley 
Benjamin Titus Simmons, Houston, Tex. 

Lon D. Cartwright, R. L. Beckelhymer, M. T. Halbouty 
John Peter Smith, Wichita, Kan. 

E. O. Markham, P. K. Cochran, M. W. Fuller 
John A. Veeder, Shawnee, Okla. 

J. Lawrence Muir, Robert L. Cassingham, William R. Gahring 
Leon Robert Vesely, Houston, Tex. 

James W. Kisling, Jr., Dale L. Benson, J. P. Thompson 
Robert Thompson White, Bakersfield, Calif. 

E. W. Galliher, Rollin Eckis, Drexler Dana 
Charles Freeman Word, Midland, Tex. 

K. B. Nowels, E. F. Boehms, Robert H. Cuyler 
George Feick Yunck, Clay City, IIl. 

Lynn K. Lee, Ira H. Cram, L. J. Fulton 
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CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


CHARLES M. Cross, of the Tide Water Associated Oil Company, San 
Francisco, California, has resigned from the Association committee for publi- 
cation, because he has entered the Army for active duty. 


GrorcE A. MussELMAN, of the Carter Oil Company, has changed his 
address from Mattoon, Illinois, to Seminole, Oklahoma. 


Pau WEAVER, chief geophysicist of the Gulf Oil Corporation at Houston, 
Texas, delivered a paper on ‘“‘The Present Evidence on the Source of Salt in 
the Gulf Coast Plains,” before the South Texas Geological Society at San 
Antonio, Texas, January 17. Among those present were A.A.P.G. president 
L. C. Sniper, H. P. ByBerE, F. L. WHITNEY, and R. H. Cuvrer, all from the 
department of geology at the University of Texas, Austin. 


CHARLES J. Hares, of the Ohio Oil Company, is returning to Casper, 
Wyoming, from Marshall, Illinois. FRED FuNK has moved from Casper to 
Findlay, Ohio. 


E. BRAENDLIN, formerly with the Astra Romana, Campina, Rumania, 
has moved to Speiserstrasse 89, Basel, Switzerland. 


W. D. Cuawner, for the past 4 years engaged in geological work in 
Papua, may now be addressed at the School of Geology, Louisiana State 
University, Baton Rouge, Louisiana. 


GEorGE E. Burton, of the Sun Oil Company, has moved from Midland 
to Tyler, Texas. 


CuirrorD L. WILtis, of the Carter Oil Company, has been transferred 
from Aberdeen, Mississippi, to Ardmore, Oklahoma. 


D. H. CarpwELt, of the Sun Oil Company, has been transferred from 
Wichita Falls to Tyler, Texas. 


GEORGE M. CLEMENT, of The Texas Company, has been transferred from 
Shreveport to New Orleans, Louisiana. 


GAYLORD O. MICKELSON, graduate of the University of Wisconsin, com- 
pleted a year of graduate work at Michigan State College, and during the 
past 6 months has been gaining Mid-Continent experience in the field and 
office with the General Geophysical Company. Mail will reach him if addressed 
to 1211 North Cheyenne Avenue, Tulsa, Oklahoma. 


BEVERLY B. BrapIsH, geologist with the Carter Oil Company, has moved 
from Bismarck, North Dakota, to McCook, Nebraska. 


Marion H. Funk, geologist with the Sun Oil Company, has changed his 
mailing address from Lubbock to Box 424, Midland, Texas. 
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W. G. Woo.noucH, first incumbent of the position of geological adviser, 
Commonwealth of Australia, retired on January 15. He is succeeded by H. G. 


STEVE C. Maptes, Jr., of Tulsa, Oklahoma, is employed as assistant engi- 
neering draftsman in the United States Coast and Geodetic Survey at Wash- 
ington, D. C. 


Sam W. WELLs has moved from Ada to Apartment 402, 12 E. r2th Street, 
Tulsa, Oklahoma. 


REGINALD G. RYAN has moved from Baton Rouge, Louisiana, to 417 
West Clay, Houston, Texas. 


WiiraM G. GREEN, president of Engineering Laboratories, Inc., Tulsa, 
Oklahoma, is the new president, and GERALD H. WEsTBy, president of 
Seismograph Service Corporation, Tulsa, is the new vice-president, of the 
Tulsa chapter of Nomads. 


Husert E. BALE, consulting geologist of Oklahoma City, talked before 
the Ardmore Geological Society at Ardmore, Oklahoma, recently, on ‘“‘Evalu- 
ation of Oil and Gas Properties.” 


FRANK A. OysTER has closed his office in Evansville, Indiana. He is main- 
taining an office at 924 North Broadway, Wichita, Kansas, for consulting 
work and operating in the Kansas and Texas fields. 


Rosert F. Isr, consulting geologist of Fort Worth, Texas, spoke before 
the Fort Worth Geological Society, January 13. His subject, ‘“Experiments 
with Light, Shadows, and Contours,” dealt with the application of shading 
to the finished contoured map to facilitate interpretation of the map by 
persons other than geologists. 


Copies of the cross section extending from Callahan County to Grayson 
County, Texas, prepared by the Fort Worth Geological Society and exhibited 
at the Austin meeting of the Geological Society of America, are available at 
$2.50 per copy. Address requests to W. J. H1tsEWEcK, Box 1290, Fort Worth, 
Texas. 


James I. DANIELS maintains his office as a consulting petroleum geologist 
at 814 Union National Bank Building, in the offices of the Southland Royalty 
Company, Wichita, Kansas. 


The officers of the Fort Worth Geological Society, Fort Worth, Texas, are: 
president, Paut C. DEAN, of Dean Brothers; vice-president, C. L. Mour, 
of the Ambassador Oil Company; secretary-treasurer, WILLIAM J. HILSEWECK, 
of the Gulf Oil Corporation. 


H. Hart Prat ey, formerly associated with United Geophysical Com- 
pany and its affiliated companies, is no longer connected with these com- 
panies. He is continuing his work in adapting seismic methods to mine ex- 
ploration. In some recent seismic surveys conducted underground, from drifts 
and stopes, the results show that the seismograph is practical and useful as a 
geophysical aid to ore discovery. 
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C. E. Dossin, of the United States Geological Survey at Denver, Colo- 
rado, addressed the Kansas Geological Society at Wichita, Kansas, February 
4, on the subject, “The Economic Importance of Minerals in Present World 
Affairs.” 


F. H. Fasu, of the Fort Worth Laboratories, Fort Worth, Texas, dis- 
cussed, ‘‘New Methods of Soil Analysis,” before the Houston Geological 
Society, February 13. 


W. E. WRATHER, a former president of the A.A.P.G., is president of the 
Texas Geographic Society. 


The Shreveport Geological Society, Shreveport, Louisiana, presented the 
following program on February 7. PAUL WEAVER, of the Gulf Refining Com- 
pany, Houston, Texas, spoke on “‘Radioactivity of Sediments,” and W. L. 
RussELL, of Well Surveys, Inc., Tulsa, Oklahoma, spoke on “Radioactive 
Logging of Wells.” 


Joun S. Herotp has changed his address from the Sun Oil Company, 
Dallas, Texas, to the Forest Development Company, Midland, Texas. 


Frep A. Devin, of the Pure Oil Company, has moved from Tulsa, Okla- 
homa, to Box 2127, Amarillo, Texas. 


Harry W. Osorne, of Colorado Springs, Colorado, spoke before the 
Rocky Mountain Association of Petroleum Geologists, at Denver, February 3, 
on “Paleozoic Correlations from the Rocky Mountain Front Range to the 
Oklahoma-Texas Panhandle.” 


The Lane-Wells Company has issued a bulletin of 30 pages, Lane-Wells 
Electrolog, which is a complete story of electrical logging of uncased hole. 
It is designed for use by oil-company field personnel and gives a description 
of the electrical characteristics of formations and of the different potential and 
resistivity curves used to make a complete well log. Typical electrolog records 
are shown from different oil-producing areas. Copies are available through any 
Lane-Wells Branch Office or by writing to Lane-Wells Company, 5610 South 
Soto Street, Los Angeles, California. 


Acus R. Epwarps, of the Shell Oil Company, Inc., has been transferred 
from Tulsa, Oklahoma, to Wichita Falls, Texas. 


E. L. Freps, of the Plymouth Oil Company, is situated at Mt. Vernon, 
Illinois. 

Joseru M. Dawson has opened a consulting office at 703 Court Building, 
Evansville, Indiana. He is connected with Wheelock and Collins, Pickens, and 
Porter, operating in Mississippi and other states. 


A. R. Denison, chief geologist of the Amerada Petroleum Corporation, 
spoke before the Tulsa Geological Society, February 3, on ‘““The Geology and 
Geography of the Bermuda Islands.” The lecture was illustrated with still 
and motion pictures. 


Rosert L. GEYER is employed in the geophysical department of the 
Tulsa division of the Shell Oil Company, Inc. His mail address is Box 528, 
Okemah, Oklahoma. 
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L. P. BristTLEy, JR., of the Gulf Research and Development Company, 
has moved from Liberty, Texas, to Pittsburgh, Pennsylvania. 


Cuar Es C. Bates, of the Carter Oil Company, has moved from Tulsa, 
Oklahoma, to Box 324, Holdrege, Nebraska. 


Officers of the Rocky Mountain Association of Petroleum Geologists, 
Denver, Colorado, are: president, Miss NINETTA Davis, 224 U. S. Geological 
Survey; 1st vice-president, JamMes Boyp, department of geology, Colorado 
School of Mines, Golden; 2d vice-president, H. E. CHR1stENSEN, The Texas 
Company; secretary-treasurer, DART WANTLAND, Colorado School of Mines, 
927 Humboldt Street, Denver. 


Joun C. Dun tap, formerly with the geological department of the Mene 
Grande Oil Company, C. A., Langunillas, Venezuela, has returned to the 
United States and is now working with the geological department of the 
Union Sulphur Company, Inc., Sulphur, Louisiana. 


Paut H. Boots, of the Mene Grande Oil Company, C. A., has returned 
from Barcelona, Venezuela, and may be addressed at Box 2038, Pittsburgh, 
Pennsylvania. 


H. C. Davis, formerly with the Caracas Petrol. S. A., has returned home. 
His address is Route 3, Box 354B, Austin, Texas. 


Sruart K. Crark, assistant chief geologist of the Continental Oil Com- 
pany, Bartlesville, Oklahoma, spoke before the Tulsa Geological Society, 
February 16, on “Wider Well Spacing—Panacea or Delusion.” 


EveEREtTT S. SHAW expects to return to the United States in May, 1941, 
after completing 2} years of geological work for the Department of Explora- 
tion, Yacimientos Petroliferos Fiscales, Buenos Aires, Argentina. 


H. H. KAveEter, of the Phillips Petroleum Company, Bartlesville, Okla- 
homa, talked on “Reservoir Factors in Reserve Computations,” before the 
Shreveport Geological Society, Shreveport, Louisiana, February 18. 


Wave W. TuRNBULL, of the Carter Oil Company, has moved from Tulsa 
Oklahoma, to Box 571, Eldorado, Illinois. 


The West Texas Geological Society will hold its annual Spring field trip 
on May 1o-11. The trip will be from Fort Worth to Midland. The leaders are 
M. G. CHENEY, V. C. PERtNI, MorGan E. RosBeErts, and GAYLE Scott. Plans 
include a meeting in Fort Worth on Friday night, May 9, with several papers 
and prepared discussions, and a similar meeting in Abilene on Saturday 
night. Those wishing to attend will please communicate with WILLIAM M. 
OsBorN, Box 707, Midland, in order that he may get an estimate for hotel 
reservations. 


Gorpon W. Prescott, geologist for the Halliburton Oil Well Cementing 
Company, formerly located at Caper, Wyoming, has been ‘transferred to 
Great Bend, Kansas. 


Jack W. Davies, geologist for the Halliburton Oil Well Cementing Com- 
pany, formerly located at Great Bend, Kansas, has been transferred to Corpus 
Christi, Texas. 
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F. M. GEetzENDANER, of Uvalde, Texas, spoke before the South Texas 
Geological Society in San Antonio on the evening of February 14 on the sub- 
ject, “Jurassic and Early Cretaceous Deposits in South Texas.” 


On Friday night, February 21, at a regular meeting of the South Texas 
Geological Society in Corpus Christi, Texas, L. O. KEtsrEy, of the Republic 
Natural Gas Company, spoke on “Structure of White Point and East White 
Point Fields.” On the same program Putt F. Martyn and Cuas. H. SAMPLE, 
of the Houston Oil Company, discussed ‘Oligocene Stratigraphy of East 
White Point Field.” 


Cuar Es H. Row, of the Sun Oil Company, San Antonio, Texas spoke to 
an oil and gas law class in St. Mary’s University of San Antonio, on the sub- 
ject, “Rock Structure and Oil Relationships,” February 14. 


The United States Civil Service Commission has announced open com- 
petitive examinations to secure technologists for national defense work. Diffi- 
culty is being experienced in filling positions in such branches of technology as 
explosives, fuels, plastics, rubber, minerals, and textiles. Persons qualified in 
these branches are particularly urged to file application. The positions to 
be filled are in several grades with salaries ranging from $2,600 to $5,600 a 
year. For these grades, competitors will not have to take a written test but 
will be rated upon their education and experience. The duties of these higher- 
grade positions include the planning, conducting, and reporting of investiga- 
tion or research in a specialized branch of technology; or the testing, design- 
ing, or manufacturing of the materials essential for the successful operation of 
an industrial plant. All applicants must have completed a 4-year college 
course with specialized major study, and for all but the junior grade, ap- 
propriate experience in the field of technology must also be shown. Applica- 
tions will be rated as received until December 31, 1941. Further information 
and application forms may be obtained from the Secretary of the Board of 
U. S. Civil Service Examiners at any first- or second-class post office, or from 
the U. S. Civil Service Commission, Washington, D. C. 


Pau F. OsBorne has resigned his position as district geologist for the 
Tide Water Associated Oil Company, and has opened a consulting office at 
601 Citizens National Bank Building, Evansville, Indiana. 


L. P. TEAs has resigned his position as chief geologist of the Humble Oil 
and Refining Company. Morcan J. Davis, formerly Gulf Coast division geol- 
ogist has been appointed his successor. Davis is replaced by H. J. McLELLAN, 
geologist in the East Texas division, and E. A. WENDLANDT is appointed 
geologist for the East Texas division. 


Tuomas C. Witson, formerly at Pittsburgh, Pennsylvania, may be ad- 
dressed at Apartado 376, Managua, Nicaraugua, Central America. 


James W. HunrTeER has moved from Paramaribo, Surinam, to Apartado 
111, Ciudad Trujillo, Republica Dominica. 


CLARENCE P. DunBanr is statistician with the Bureau of Educational Re- 
search, Alumni Hall, Louisiana State University, University, Louisiana. 
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A. I. LEvorsEN, chairman of the Association research committee, spoke 
before the Appalachian Geological Society at Charleston, West Virginia, 
January 24, on “Some Frontiers of Petroleum Geology.” 


Ernest J. LEHNER has left the employ of the Anglo-Iranian Oil Company 
and is temporarily associated with the Burma Oil Company at Khodaung, 
Upper Burma. 


The Council of the Geological Society of America, at meetings held Octo- 
ber 26, December 25, and December 27, 1940, authorized project grants en- 
abling the following research to go forward. 

Horace NoBLE CoryELL, Columbia University, will study bryozoans col- 
lected in the vicinity of Jeptha Knob, Kentucky, the identification of which 
is expected to yield conclusive information upon the correlation of beds and 
upon the determination of this well known structure as either a crypto- 
volcanic dome or a monadnock. 

GrEorGE P. WooLLarD, Princeton, New Jersey, is reducing the 1003 grav- 
ity observations made during the past summer in his study of the relation of 
gravity and magnetic anomalies to continental structure. 

CHESTER R. LONGWELL, Yale University, has been continuing field studies 
in the Muddy Mountains and Virgin Mountains of southern Nevada and 
western Arizona. He expects to clarify some of the puzzling features in the 
Paleozoic, Cretaceous, and Tertiary stratigraphy. 

R. H. Beckwirtu, University of Wyoming, will spend most of the coming 
summer in a detailed field study of the structure of the Upper Laramie River 
Valley of Colorado and Wyoming, an area of about 135 square miles and the 
meeting place of two major mountain ranges. The study is expected to con- 
tribute to knowledge of the genesis of Rocky Mountain structure. 

Henry C. Stetson, Harvard University and Woods Hole Oceanographic 
Institution, will procure spare parts for a free-fall coring tube which has 
been proved successful in dredging operations being carried out on the con- 
tinental slope and in the Atlantic Basin. 

Raymonp E. Peck, University of Missouri, will devote August and Sep- 
tember to study of the microfossils of fresh-water deposits scattered across 
Wyoming between the Black Hills and Star Valley. These rest upon various 
beds, from the top of marine Jurassic to the base of the Upper Cretaceous. 

G. E. Conpra, University of Nebraska, will continue studies of Pennsyl- 
vanian and Permian Bryozoa and their use in biologic and stratigraphic cor- 
relation. 

Joun T. Lonspa.e, Ames, Iowa, and Ross A. MAXWELL, regional geolo- 
gist of the National Park Service, will collaborate in a study of the stratig- 
raphy, structure, petrology, and history of the Chisos Mountains, Texas. The 
detailed mapping has been completed by Maxwell. Lonsdale will make a 2- 
month field study of the igneous rocks and collect samples for analysis by the 
Grout Laboratory. 

Harry H. Hess, Princeton University, will make chemical and optical 
studies of ten clinopyroxenes from basalts, diabases, and gabbros. 

Harotp R. WANLEssS, University of Illinois, is concluding preparation of 
cross-section correlation diagrams for use in his report on ‘Pennsylvanian 
strata of Tennessee, Georgia, and Southern Kentucky.” 
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RoseErt T. HI1t, Dallas, will continue his studies of the history of geologic 
investigation in the Southwest, including identification and interpretation of 
the routes of Cabeza da Vaca and Coronado. 


GeorcE F. Yunck, of the Pure Oil Company, has been transferred from 
Clay City to Olney, Illinois. 


Hvusert BALE, consulting geologist of Oklahoma City, talked on “‘Valu- 
ation of Oil Properties,” before the Ardmore Geological Society, March 5s. 


WarrEN B. WEEKS, of the Phillips Petroleum Company, Shreveport, 
Louisiana, discussed ‘“The Geology of the Schuler Field, Arkansas, and Rela- 
tionship to General Area,” before the Houston Geological Society, February 
27. 

Tuomas A. HENprRIcKs, of the United States Geological Survey, discussed 
“Structure of Ouachita Mountains,” before the Ardmore Geological Society, 
last month. 


Raymonp C. Moore, director of the Kansas Geological Survey, Lawrence, 
Kansas, has been elected president of the Association of American State 
Geologists, and Rosert H. Dott, director of the Oklahoma Geological Sur- 
vey, Norman, Oklahoma, has been elected secretary. 


Gustav Ectorr, research director of the Universal Oil Products Com- 
pany, Chicago, and B. B. WEATHERBY, president of the Geophysical Research 
Corporation, Tulsa, have been reappointed co-chairmen of the scientific com- 
mittee and the Hall of Science for the International Petroleum Exposition at 
Tulsa in May, 1942. : 


Gerson H. Bronte, who has been with the Fohs Oil Company at Houston, 
Texas, may be addressed at 175 Riverside Drive, New York City. 


James F. MiIcHAEL, of the Amerada Petroleum Corporation, has been 
transferred from Centralia, Illinois, to Box 2151, Jackson, Mississippi. 


Frank R. DEnTOoN, East Texas district geologist for the Stanolind Oil and 
Gas Company, and R. M. TrowsrincE, East Texas district stratigrapher for 
the Shell Oil Company, Inc., have resigned their positions and entered into a 
general consulting partnership with headquarters at 225 Owen Building, 
Tyler, Texas. 


Joun JANovy is with the Louisiana Land and Exploration Company, 1006 
Whitney Building, New Orleans, Louisiana. 


J. Marvin WELLER and L. E. Workman, of the Illinois Geological Sur- 
vey, delivered a paper on “The Ordovician of Illinois,” before the Illinois 
Geological Society, at Olney, February 21. 


E. A. Pascuat, of the Coline Oil Corporation, read a paper on “Major 
Tectonic Provinces of Southern Oklahoma and Their Relation to Oil and Gas 
Fields,” before the Panhandle Geological Society at Amarillo, Texas, Febru- 
ary 20. 
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D. L. Nor11no, of the Shell Oil Company, Inc., has been transferred from 
Wichita Falls, Texas, to Wichita, Kansas. 


The Oklahoma City Geological Society is planning a three-day field trip 
through Northwestern Oklahoma, and the Oklahoma Panhandle, beginning 
Thursday morning, May 29, extending through Memorial Day, Friday, May 
30, and Saturday, May 31, with possibly an additional half day for further 
field work. CHARLES N. Goutp, of Norman, Oklahoma, and IRvING PERRINE, 
of Oklahoma City, will be the directors of this trip, with LEstER L. WHITING, 
chairman of the field trip committee. Other members of the committee are 
Curtis Hicks, JoHN SANFORD, LELAND W. JoNES, RALPH FILLMORE, and 
Graypon H. LAucHBAum. J. W. STOVALL of the University of Oklahoma, 
who is head of the vertebrate paleontology division of the School of Geology, 
will have charge of the field trip in the Oklahoma Panhandle, where a great 
number of bones have been excavated. In the same area there are a great many 
artifacts. 


LinpsEy, G. MorGan, recently with the Vickers Petroleum Company, is 
now connected with the Kansas division of the Indian Territory Illuminating 
Oil Company at Wichita, Kansas. 


Haro ip S. Tuomas, consulting geologist, has moved from Oklahoma City, 
Oklahoma, to 218 Sharp Building, Lincoln, Nebraska. 


Grorce T. Tuomas has moved from Lubbock, Texas, to Mt. Pleasant, 
Michigan. He is with The Ohio Oil Company. 


FRANK WALKER JOHNSON has been transferred from the Lago Petroleum 
Corporation, La Rosa, Venezuela, to the Standard Oil Company of Venezuela, 
Apartado 35, Barcelona, Venezuela. His new position is district geologist of 
the San Joaquin area. He replaces L. T. Hart, who has been transferred to 
the exploration department in Caracas. 


O. H. Hri1, of the Shell Oil Company, Inc., has been transferred from 
Ardmore to Tulsa, Oklahoma. 


THERON Wasson, chief geologist of The Pure Oil Company, Chicago, 
addressed the members of Kappa Epsilon Pi, at the University of Chicago, 
February 21, on “Methods in Petroleum Geology.” 


O. F. Kotick, of the Tide Water Associated Oil Company, Oildale, Cali- 
fornia, is a captain in the 144th Field Artillery at Fort Lewis, Washington. 


PacE T. JENxmns, of the Carter Oil Company, has moved from Mattoon, 
Illinois, to Tulsa, Oklahoma. 


H. B. STENZEL, of the University of Texas, at Austin, spoke before the 
Tulsa Geological Society, March 3, on ‘“‘Surface Relationships of the Carrizo 
Sand of Texas.” 


Ross L. Heaton, of Estes Park, Colorado, spoke on “Geology and Con- 
struction—Big Thompson Project,’”’ before the Rocky Mountain Association 
of Petroleum Geologists, at Denver, Colorado, March 3. 
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RicuarpD E. Kocu has given up his former address at The Hague for the 
duration of the war and may now be addressed at Pangkalan Brandan, 
North Sumatra, Dutch East Indies. 


Jor G. Witson, formerly with The Texas Company at Fort Worth, is with 
The Texas Petroleum Company, Apartado 877, Bogota, Colombia. 


Joun T. IsBERG, has been transferred from Bakersfield to The Ohio Oil 
Company, 437 South Hill Street, Los Angeles, California. 


Epwarp C. Cram has moved his family from Colombia to Venezuela. 
His address is Socony-Vacuum Oil Company, C. A., Caracas, Venezuela. 


H. J. McCreapy has returned from Barranquilla, Colombia. His address 
is 4923 Knox Court, Denver, Colorado. 


The first number of Oi/, a new pictorial trade journal of the oil industry, 
edited and published at 232 Balter Building, New Orleans, Louisiana, con- 
tains a story, ““Heine’s Bugs,” by its editor, Will Branan. It features HENRY V. 
HoweE, head of the School of Geology at Louisiana State University and presi- 
dent-elect of the Society of Economic Paleontologists and Mineralogists. The 
new journal contains also an article, “Modern Channels of the Mississippi 
River,” by RicHARD JoEL RUSSELL, professor of physical geography at the 
University; a story, “Survives Snake-Bite to Become Ace Geologist,” about 
Henry N. Toter, chief geologist of the Southern Natural Gas Company, 
Jackson, Mississippi; and an illustrated article, “Mississippi Geology,” by 
C. State geologist of Mississippi. DoNALD GOODWILL, Jr. 
is vice-president of The Oil Trade Journal Publishing Company which pub- 
lishes Oi/ monthly. 


Louis C. CHapptius, consulting geologist and petroleum engineer of Los 
Angeles, California, has a short article on Peru, Chile, Argentina, and Brazil, 
illustrated by four photographs, in the California Oil World, second number 
of February. 


FRED R. SCHROEDER is superintendent of the geological department of the 
Union Producing Company, Shreveport, Louisiana. 


J. Ben Carsey is Louisiana division geologist for the Humble Oil and 
Refining Company at Lake Charles, Louisiana; VAUGHN C. MALEy is division 
geologist at Midland, Texas; E. A. Murcuison, JR. is district geologist at 
Hattiesburg, Mississippi. 


JosEpH M. Witson, of the Salt Dome Oil Corporation, Dallas, Texas, 
talked before the Houston Geological Society, March 6, on “‘Geology of the 
South Cotton Lake Field, Chambers County, Texas.” 


D. A. McGEk, of the Kerlyn Oil.Company, Oklahoma City, talked on 
“The Geology of the Dakota Basin, North and South Dakota,” before the 
Shreveport Geological Society, Shreveport, Louisiana, March 7. 


Raymonp C. BEcKER, geologist with the Union Producing Company, 
has been transferred from Houston, Texas, to Shreveport, Louisiana. 
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W. B. Srvcrarr, of the Amerada Petroleum Corporation, has been trans- 
ferred from Jackson, Mississippi, to Tyler, Texas. 

ERIK THOMSEN is with the Stanolind Oil and Gas Company at Houston, 
Texas. 


Dwicut H. Fortine, of the Barnsdall Oil Company, may be addressed 
at the Petroleum Building, Los Angeles, California. 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 


CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 
401 Hass Building 


Los ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


R. L. TRIPLETT 
Contract Core Drilling 


2013 West View St. 


WHitney 9876 Los ANGELES, CALIF. 


COLORADO 


ILLINOIS 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 


NATHAN C. DAVIES 


Petroleum Geologist and Engineer 


Specializing in Subsurface Conditions and 
Correlations and in Production Problems 


Danvan, Phone 392 308 S. First St., Fairfield, Ill. 
ILLINOIS 


ELMER W. ELLSWORTH 
Consulting Geologist 
Wham Building 


212 East Broadway 
CENTRALIA, ILLINOIS 


L. A. MYLIUS 
Geologist-Engineer 


Box 264, Centralia, Illinois 
Bell Bros., Robinson, Illinois 


901 Old Natl. Bank, Evansville, Ind. 
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IOWA 


ALLEN C. TESTER 
Geologist 


State University 
of Iowa, Iowa City 


KANSAS 


Res. office, 137 S. Bleckley Dr. Phone, 2-4058 


R. B. (IKE) DOWNING 
Petroleum Geologist and Microscopist 


Surface Magnetics 

Subsurface Sample Determinations 

Union National Bank Bldg., Wichita, Kansas 
Weaver Hotel, Falls City, Nebraska 


L, C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 


207 Ellis-Singleton Building 
Wicuita, KANSAS 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La, 


NEW 


YORK 


FREDERICK G. CLAPP 


BROKAW, DIXON & McKEE 


Geologists Engineers 
Consulting Geologist OIL—NATURAL GAS 
50. Church Stret 
120 Broad Gulf Buildi 
New York “Houston 
OHIO 
JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 


Consultant and Contractor in Geological and 
Geophysical Exploration 


GINTER LABORATORY 
ELFRED BECK CORE ANALYSES 
Geologist Permeability 
717. McBirney Bld Bo 
TULSA, OKLA,” DALLAS, TEX, Reserves 
Owner 118 West Cameron, Tulsa ’ 
} 
GEOCHEMICAL SERVICE CORP. R. W. Laughlin L. D; Simmons ' 
GEOLOGIC STANDARDS COMPANY 
WELL ELEVATIONS 
Soil Analysis—Core Analysis 
LAUGHLIN-SIMMONS & CO. 
JOHN W. MERRITT 615 Oklahoma Building 
321 South Detroit, Tulsa, Oklahoma Tusa OKLAHOMA 
A. I. LEVORSEN 
Petroleum Geologist 
221 Woodward Boulevard i 
TuLsa OKLAHOMA 
G. H. WESTBY 
Geologist and Geophysicist i 
Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma } 
PENNSYLVANIA 
HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
L. G. HuNTLEY : 
J. R. Wyutz, Jr. f 
Grant Building, Pittsburgh, Pa. \ 
TEXAS 
JOSEPH L, ADLER D’ARCY M. CASHIN 
Geologist and Geophysicist Geologist Engineer 
Specialist, Gulf Coast Salt Domes 4 
4 


2011 Esperson Bldg. 
HOUSTON, TEXAS 


Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
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TEXAS 


CUMMINS & BERGER 


Consultants 


Specializing in Valuations 
Texas & New Mexico 


1601-3 Trinity Bldg. 
Fort Worth, Texas 


Ralph H. Cummins 
Walter R. Berger 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National 
Bank Building 


FORT WORTH, 
TEXAS 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 


1431 W. Rosewood Ave. San Antonio, Texas 


J. E. (BRICK) ELLIOTT 


Petroleum Engineer 


3404 Yoakum Blvd. Houston, Texas 


F. B. Porter R. H. Fash 
President Vice-President 
THE FORT WORTH 


LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


82814 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


A. H. GARNER 
Geologist Engineer 


PETROLEUM 
NATURAL GAS 


Continental Building 


Dallas, Texas 


W. G. Savitte J. P. SCHUMACHER A. C. PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION EXPLORATION 


Gravity Surveys 
Domestic and Foreign 
830-2 SHELL BLDG. HOUSTON, TEX. 


CECIL HAGEN 
Geologist 


Gulf Bldg. HOUSTON, TEXAS 


J. S. HupNALL G. W. Pirtie 


HUDNALL & PIRTLE 
Petroleum Geologists 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


921 Rusk Building, HOUSTON, TEXAS 
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TEXAS 


W. P. JENNY 
Geologist and Geophysicist 


Seismic 
Electric 


Gravimetric 
Magnetic 


Surveys and Interpretations 
1406 Sterling Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WM. C. McGLOTHLIN 


Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 
806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 


CHAS. GILL MORGAN 
Geologist and Geophysicist 


Dallas Houston 


DABNEY E. PETTY 
315 Sixth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


- ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


_ Gulf Bldg. | Houston, Texas 


F, F, REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


E. E, ROSAIRE 
SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 


Frank C. Roper John D. Todd 


ROPER & TODD 


Specializing Wilcox Problems 


527 Esperson Building Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 
217 High Street 


MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 


COLORADO 


ILLINOIS 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 
GEOLOGISTS 


DENVER, COLORADO 


- Ninetta Davis 
224 U. s. "Customs Building 
1st - - + James Boyd 
2nd - + + +H. E, Christensen 
he Texas Company 
927 Humboldt Street 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.M., Auditorium Hotel. 


President - 


ILLINOIS | 
GEOLOGICAL SOCIETY 


President - + + + + + L. M. Clark 
Shell Oil Company, Inc., Centralia 


Vice-President - - - C. B. Anderson 
Gulf Refining Company, Mattoon 


Secretary-Treasurer- - - + + Robert G. Kurtz 
The Ohio Oil Company, Marshall 


Meetings will be announced. 


KANSAS 


LOUISIANA 


KANSAS 
ICHITA. KANSA 
W. Inkster 


Shell Oil Company, nc. 
Vice-President - - - J. P. McKee 
Consulting Geologist 
Secretary-Treasurer - - Lee H, Cornell 
Stanolind Oil and Gas ‘Cumann 
oe of Well Log Bureau + Harvel E. White 

lar Meetings: 7:30 P.M., Geological Room, 
Balen of Wichita, first Tuesday of each month. 
Visitors cordially welcomed. 
The Society sponsors the Kansas Well Log Bureau 
a is located at 412 Union National Bank 
uilding. 


President - 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, 

President - - ren B. Weeks 
Phillips Petroleum Co., 1009 Glddess-Lane Bldg. 


Vice-President - + + + Weldon E. Cartwright 
Tide Water Associated—Seaboard Oil Cos. 


Secretary-Treasurer - - Van D. Robinson 

Atlantic Refining Company, 914 Giddens-Lane Bldg. 

Historian - - Robert B. Totten 
Phillips Petroleum Company 


meetings by announcement. 


MICHIGAN 
MICHIGAN 

GEOLOGICAL SOCIETY 
President - - ed B. Maebius 

Gulf Refining ‘Company, aginaw 
Vice-President - - Lee C. Lamar 

Carter Oil Company, Saginaw 

Justin Zinn 


“Treasurer - 
ichigan State College, East Lansing 


Business Manager - Lee C. Miller 
State Proration ‘Officer, Lansing 


Monthly dinner oa. rotating be- 


Meetings: 
nsing. Infor- 


tween Saginaw, Mt. Pleasant, and 
mal dress, 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 
LAKE CHARLES, LOUISIANA 


President - - W. R. Canada 
Stanolind Oil and Gas Coe 


Magnolia” Petroleum 
Secretary - + - E. Baysinger 


Box 210 
Treasurer - Baker Hoskins 
She m1 Oil Company, Inc., Box 598 
1st Wednesday 
and and 


at Noon 
cat the third Tussda of each 
th at 7. ajestic Hotel. Visiting 
are welcome. 
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MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President - Urban B. Hughes 
Consulting Geologist, 605 Tower Building 
- + Tom McGlothlin 

Refining Company, por 1105 
Carter Oil Company, Box 1 


eetings: First and third of each 
month ,from October to May, inclusive, at 7:30 
p.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - C. W. Tomlinson 
509 “Simpson Building 


Tom L. Coleman 
U.S. Geological Survey, bon 719 


Secretary-Treasurer - - + Bob Hancock 
Petroleum Company, Box 299 


Dinner meetings will be held at 7:00 p.m. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 


OKLAHOMA CITY, OKLAHOMA 


President - + + John E. VanDall 
Magnolia Petroleum Company 


Vice-President - Clyde H. Dorr 
Consulting Geologist, Petroleum Bldg. 
Secretary-Treasurer - aydon H. hbaum 


Sinclair Prairie Oil coo "703 Colcord Bldg. 


Meetings, Ninth Floor, Commerce Exchange Build- 
ing: Technical Program, second Monday, each 
=— » 8:00 p.M.; Luncheons, every Monday, 
12:15 P.M, 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President» - - + + + + M.C. Roberts 
The Texas Company 


Vice-President- - - Robert L. Cassingham 
Amerada Petroleum spies 


Secretary-Treasurer - - D. Hubley 
Stanolind Oil and Gas ‘coaue 


Meets the pe Borsa! of each month at 8:00 
P. — at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President Jerry E. Upp 
Amerada Petroleum Corporation, oa 2040 
Vice-President - - - + + + Wendell S. Johns 
The Texas Company 


un Oil Company, Box 134 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M, 


TULSA GEOLOGICAL 
TULSA, OKLAHO 


President- - - Borden 
The Pure Oi Company, 
1st Vice-President - - - Bartram 


Stanolind Oil and Gas pow 
2nd Vice-President- - + J. Cullen 
Oil 


Secretary-Treasur Herbert H. Kister 
Stanolind Oi. and Gas Company, Box 591 
itor- - - John L. Ferguson 


Amerada Petroleum 
Associate Editor- - - + + + Hiram J. Tandy 


Meetings: First and month, 
from October to May, inclusive, at 8:00 P.M., 

University of Tul mn. Kendall Hall Auditorium. 
Luncheons: Every Thursday (October-May), Mich- 
aelis Cafeteria, 507 South Boulder Avenue. 


TEXAS 
DALLAS 
DALLAS, TEXAS TYLER, TEXAS 
President- - - - Lewis W. + 
DeGolyer, MacNaughton, and cae President - - rank R, Denton 

Vice-President - J. Lewi: Cor osulting, 225 Owen Buin 

Core Laboratories, Inc., Santa Fe Building VikeDeedilee.. + CL Alexan i 
Secretary-Treasurer - - - Fred A. Joekel Magnolia Penclonn Company, Box 780 


agnolia Petroleum ‘Company, Box 900 


Executive Committee - - - + Henry C. Cortes 
Magnolia Petroleum Company, Box 900 


Meetings: Regular luncheons, first Monday of each 
month, 12:15 noon, Petroleum Club, Adolphus 
Hotel. Special night meetings by announcement. 


Secretar -G. J. Loetterle 
1 Oil Company, Inc., Box 2037 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel, 
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TEXAS 
FORT WORTH HOUSTON 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS mn HOUSTON, TEXAS 
President. - S. Buchanan 
President - - Paul C, Dean Consulting Geologist, Espen Boiling 
Consulting Geologist, W. T. Waggoner Building ice Allison 
Vice-President - C. L. Mohr Sun Oil Company, Box 2659 
‘Ambassador Oi Corporation Secretary- - - - - Leslie Bowling 


Secretary- William J. Hilseweck 
ulf Oil Corporation, Box 1290 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive —_ 
mittee. Visiting geologists are welcome to all 
meetings. 


soit Company of California 
4 Commercial ane 
Treasurer - Gordon 
Brokaw, Dixon, and McKee, Gulf Building 
Regus =e held every Thursday at noon (12 
lly’s Restaurant, 910 Texas Ave- 
nue. Per "particular pertaining to the meetings 
write of call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - J..R. Seitz 
Seitz, Comegys, and Seitz, 531 Waggoner Building 
Vice-President - - - - J. J. Russell, Jr. 


Sinclair Prairie Oil ‘Company 
509 Hamilton Building 
Secretary-Treasurer - - - J. M. Clark 
Tide Water Associated Oil Company 
924 Hamilton Building 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 
SAN ANTONIO AND. — CHRISTI 


President - - P. Shayes 
United Gas “Company, Beeville 
Vice-President - - - + Gentry Kidd 


Stanolind Oil and Gas Company, San Antonio 

- - Robert N. Kolm 

2 Milam Building, San Antonio 
Meetings: Third 2 of each month alternately 
in San Antonio and Corpus Christi. Luncheon 
every Monday noon at Milam Cafeteria, San An- 
tonio, and at Plaza Hotel, ‘Capes Christi. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 
AUSTIN, TEXAS 


President - - - - H. B. Stenzel 
Bureau of Economic “Geology 


Vice-President - - + William A. Bramlette 
Univ. Texas, Dept. of Geology 


Secretary-Treasurer - - - Travis Parker 
Univ. Texas, Dept. of Geology 


Meetings: Every third Friday at 8:00 p.m. at the 
University of Texas, Geology Building 14. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
President - Robert E. King 
Shell Oil “Company, Inc. 


Vice-President - Fred F. Kotyza 
Tide Water Associated Oil Company, Box 181 


Secretary-Treasurer - - - - Walter G. Moxey 
Stanolind Oil and Gas Company 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


President - i. R. Lockett 
Ohio Fuel Gas Cass Box 117, Colum us, Ohio 
Vice-President - - - Charles Brewer, 
Godfrey L. Cabot, Inc., , Box 348, Charleston, W. . 
Secretary-Treasurer - - - J. E. Billingsley 


West Virginia Gas “Corgoration 
Box 404, Charleston, 
Edito - + Robert C. Lafferty 
Libbey- Owens Gas Department 
Box 1375, Charleston, W.Va. 
pats s: Second Monday, each month, ex 
uly, and August, at 6:30 P.M., Kanawi 
fote 


THE SOCIETY OF 
EXPLORATION GEOPHY 


President - . T. Born 
Geo hysical Research. Co: cation 
x 2040, Tulsa, Oklaho 
Vice-President - - Peacock 
Geophysical Service, “Inc., “Houston, Texas 
Editor - - - R. D. Wyckoff 
Gulf Research and “Developm: ent Company 
Pittsburgh, 
- + + + + Andrew Gilmour 
Amerada Petroleum Corporation 
Box 2040, Tulsa, Okla ogg 
Past-President - - + - A. Eckhardt 
Gulf Research and Shulgin Company 
Pittsburgh, Pennsylvania 
Business Manager - - J. F. Gallie 
P.O. Box 777, Austin, “Texas 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing 
W. & L. E. Gurley 


Spencer Lens American Paulin 
12 West Fourth Street, Tulsa, Oklahoma 


Complete Reproduction Plant 
Instruments Repaired 


GEOLOGY OF THE TAMPICO REGION, MEXICO 


By JOHN M. MUIR 
280 pp., 56 illus. Cloth. 6 x 9 inches. 


$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


PRINCIPLES OF 
SEDIMENTATION 


By W. H. TWENHOFEL 
Professor of Geology, University of Wisconsin 


610 pages, illustrated. .$6.00 
May Be Ordered From 
The American Association of 
Petroleum Geologists 
Tulsa, Oklahoma 


GOKEY BOTTE SAUVAGE 


REG. U. S. PAT. OFF. 


The Best All Around Boot in the World 
Handcrafted Since 1850 


are ‘‘Seven League Boots’’—for ag 
ie comfort and long wear. to 
Measure, Hand Sewed for Extra Comfort 
and Wear. G Wate: 

Proof. A pound or Poa lighter than “average 
boot. Soft. Easy to put on and t off. 


e 
Botte Sauvage S; 
ACCEPT NO IMITATIONS! 

for every emergency! Get gag 

KEY B SAU- & 
Vick only by writing for Measuring ~ 
Blank and Footwear Catalogue. 


GOKEY CO. Dept P Saint Paul, Minn. 


The Annotated 


Bibliography of Economic Geology 
Vol. XIII, No. | 


Will be Ready April 15 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XII 
can still be obtained at $5.00 each. 


The number of entries in Vol. XII is 
2,033. 


Of these, 465 refer to petroleum, gas, 
etc, and geophysics. They cover the 
world, 

If you wish future numbers sent you 
promptly, kindly give us a continuing 
order, 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


GEOPHYSICS 
Volume VI, Number 1 
(January, 1941) 


Limiting Values of Gravitational and Magnetic 
Anomalies Due to a Subterranean Structure 
Bounded by a Single Differential Surface 

J. Fisher 


The Gulf Gravimeter.......... R. D. Wyckoff 
The Gulf Underwater Gravimeter.7T. B. Pepper 


The Effect of Density on Seismic Reflections . 
Resolution Control in Seismic Surveys ...... 
A Numerical Method of Computing Dip Data 
Using Well-Velocity Information ...... 


A Transformed Wave- 
ymond A, Peterson 


Communication—Tidal Gravity Observations 
A, Wolf 


An index of past Society publications 
may be obtained by addressing 


THE SOCIETY OF EXPLORATION 
GEOPHYSICISTS 
P. O. Box 777 Austin, Texas 
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FIRST IN OIL 
1895 — 1941 


THE 
if=)) FIRST NATIONAL BANK AND TRUST COMPANY 
cents OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers Rr, 
President ke 
1702 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 
SHARP CLEAR An A.A.P.G. Book (1939) aR 
MARKINGS RECENT 
g A symposium of 34 papers by 3! authors 
Edited by PARKER D. TRAS' 
PREPARED UNDER THE DIRECTION OF A SUB- Bz 
COMMITTEE OF THE COMMITTEE ON CaS 
SEDIMENTATION OF THE DIVISION OF Wi 
GEOLOGY AND GEOGRAPHY OF THE NA- 
TIONAL RESEARCH COUNCIL, WASHING- 
fectsare emphasised. rather 
DRAG TAPES than speculative inferences. is 
©736 pages, 139 figures 
Made of a special tough, long wear- 
figures, easy to read. Sturdy metal frame. Bound in blue cloth; gold stamped; paper om 
We offer also Gaging, Strapping and "Der- en ee j 
rick" Tapes in Chrome Clad as well as PRICE: $5.00, POSTPAID a 
“Nubian” Finish. ($4.00 to A.A.P.G. members and associate SA 
Write for Free Catalog members, libraries, and colleges) & 
THE AMERICAN ASSOCIATION OF (, 
THE [UFKIN fpULeE Co. PETROLEUM GEOLOGISTS kg 
Tulsa, Ok x 
SAGINAW, MICH. New York City ee 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


By JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 
and 
W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing demand for a handbook containing formulae 
and other practical information for the benefit of the man working in the production and drilling 
branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and figures from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for e period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engi in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and figures shown are practical 
rather than theoretical in nature. It should save the time of many a busy operator, engineer, 
superintendent, and foreman. 


TABLE OF CONTENTS 


Chapter |—General Engineering Data Chapter V—Drilling 
Chapter 1I—Steam Chapter VI—Production 
Chapter !!|—Power Transmission Chapter Vil—Transportation 
Chapter !V—Tubular Goods 


Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—Price $5.00 Postpaid 
Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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“Take my advice and 
call LANE-WELLS. 
Have the job done right!” 


RADIOACTIVITY WELL LOGGING 
ELECTROLOG 
OIL WELL SURVEYS 
GUN PERFORATING 


| 
| 
| 
| 
% 
Aa 
3 


The many practical every-day ap- 
plications of Eastman services 
make them an essential part of 
every exploration and drilling pro- 
gram. We will gladly furnish free 
counsel to help solve your prob- 
lems. 


AQUAGEL REDUCES FRICTION 


A straight AQUAGEL and water mud, or a native 
mud to which an adequate amount of AQUAGEL 
has been added, covers all moving parts of the 
drilling equipment in contact with the mud, with a 
lubricating gel. The entire surface of the drill pipe, 
for ple, is pletely lubricated. This gives a 
“roller-bearing” action to the drill pipe which re- 
duces friction, thus less power is needed and the 
danger of stuck pipe is minimized. 

AQUAGEL in drilling mud also surrounds all 
sand and grit with o protective lubricating gel 
which helps to prevent corrosion by covering all 
exposed metal parts with an inert colloidal film. 
The cost of the AQUAGEL used is often repaid by 
the savings in pump part replacements alone. 

AQUAGEL is also extremely economical because 
it will yield 100 or more barrels of good drilling 
mud per ton of clay. 


(DRILL PIPE! 


TO YOUR 


BAR OID 
BAROID and COLOX AQUAGEL FIBROTEX BAROCO 
STABILITE AQUAGEL-CEMENT SMENTOX ZEOGEL IMPERMEX 
MMICATEX @ TESTING EQUIPMENT #BAROID WELL LOGGING SERVICE 


BAROID SALES 


BAROID SALES OFFICES 
LOS ANGELES, TULSA, 
HOUSTON 
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OF CONTROLLED DIRECTIVLLV 
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OIL WELL SURV EYS 
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20 field crews in diverse localities, and con- 
stant research in both field and laboratory 


enable us to render a seismograph service 


which we believe to be unequalled. >+ Fully 


experienced crews available for work any- 
where in the United States and Foreign 


Countries. x} Your inquiries are invited. 


SAtVaTORL PREsiDENT 
ELES. CALIFORNIA * PHILCADE BUILDING, TULSA. OKLAHOMA 


The cumulative experience of more than 
= 
SS 
EDISON BUILDING, LOS ANC 
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An A.A.P.G. Research Committee Sponsored Report 


To be released April 1, 1941, as 
Colorado School of Mines Quarterly, Vol. 36, No. 2 


THE TIME OF ORIGIN AND 
ACCUMULATION OF PETROLEUM 


by 
F. M. Van Tuyt and Ben H. PARKER 
Colorado School of Mines 


New data supplied by one hundred and seventeen contributors 


The report includes a large number of hitherto unpublished field observations 
in addition to a review of the current literature bearing on this important 
subject. 


It should be of value to students of petroleum geology, teachers of the subject, 
and research workers, as well as those charged with the finding and develop- 
ment of new oil fields. 

TABLE OF CONTENTS 


Significance of Oil Residues along Uncon- 
formities 

Source of Oil and Gas in Porous Rocks 
of Buried Ridges 

Evidence Supplied by Faulted Relation- 
ships 


Introduction 

The Problem of Source Beds 

Derivation of Oil of Discontinuous Reser- 
voirs 

Multiple Oil and Gas Horizons 

Significance of Pyrobituminous Shales Oil and Gas in Fractered Strate 

Contemporaneous Generation of Oil and Lateral Vs. Vertical Migration: Its Bear- 
Gas ing on the Problem 


Oil in Late Tertiary and Quaternary Sedi- 
ments 

The Accumulation of Oil in Inclosed 
Reservoirs 

Time of Cementation in Relation to Time 
of Accumulation 

Time of Folding as Compared to Age 
of Source Rocks 

Depth of Burial Required to Generate Oil 

Recurrent Folding and Accumulation 


Source and Age of Ordovician Oils of 
Kansas and Oklahoma 


Approximately 180 pages: substantially bound in heavy paper: size 6 x 9 inches 
Price: $2.00 postpaid 


Comparison of Barren and Productive 
Structures 

Evidence Furnished by Salt Core Struc- 
tures 

Origin and Import of Bituminous Rocks 

Meaning of Accumulations under Asphalt 
Seals 

Significance of Burned Zones in Monterey 
Formation 

Oil and Gas in Crystalline Rocks 

Deductions and Conclusions 

Index 


Special Pre-Publication Price to A.A.P.G. Members and Associates: 


$1.50 until April 1, 1941 
Send check to 


Department of Publications, Colorado School of Mines 


Golden, Colorado 
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The 50,000th Schlumberger Electrical Well Log 
—involving practically every conceivable type of 
well condition and geology peculiar to domestic 
fields—was completed in 1940. 


Such broad and thorough experience has con- 
tributed considerably toward the rapid perfect- 
ing of electrical well logging. Schlumberger is 
sincerely grateful to the industry which it serves 
for this mutually profitable cooperation. 


1938 


SCHLUMBERGER WELL SURVEYING CORP., HOUSTON, TEXAS 


The Thompson 


SAMPLE MACHINE 


The THOMPSON SAMPLE MACHINE 
is simple in construction and accurate 
nresults. Itsdependable operation has 


portion of the returns from the flow 
line is diverted through a bypass into | 
the SAMPLE MACHINE where all the 


a sample box. A sample of mud is di- 
verted into 


ve 
owa Park, Texas 


owl n t e a own: 
its worth. The sample machine 
3 is mounted on the side of the famous ee 
cuttinas are washed and deposited into 
4 


SU 
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Accurate and dependable, Tobin maps 


are standard equipment with most major 


oil companies. They increase efficiency 
and reduce costs in both large and small- 
scale operations. May we tell you why 


and quote prices - without obligation? 


TOBIN SERVICES INCLUDE 


Photographic Mops Tobin Maps - Photographic, Regional 


Regional Base Maps Base, and Ownership - are photograph- 
Land Ownership Maps ically controlled, checked on the ground 
Pipeline Mapping and geodetically tied. They are correlated 
Abstract Services and not affected by county lines, state 


Micro-film Recordi i 
icro-film rding lines or adverse terrain. 


TOBIN 


OFFICES: 
502 W. MISTLETOE, SAN ANTONIO, TEXAS 
COMMERCE BLDG., HOUSTON, TEXAS 


THE MAPPING AGENCY FOR THE OIL INDUSTRY 
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BACK VOLUMES AT HALF PRICE 


Members and associate members of the Society of Economic Paleontologists and Min- 
eralogists and of the Paleontological Society and subscribers of the 


JOURNAL OF PALEONTOLOGY 


will be privileged for a limited time to purchase complete Volumes 2 (1928) to 11 (1937) 
at the very special price of Three Dollars ($3.00) per volume. This offer represents a 
50 per cent discount from regular prices and gives opportunity that should not be over- 
looked. Furthermore, only part of the supply of back volumes will be sold at this price. 
The stock of Volume 1 is exhausted, but any others can be purchased. Place order promptly 
if you wish to secure discount because this offer wi!l be withdrawn as soon as allotment of 


copies is exhausted. 


Members and associate members of the Society of Economic Paleontologists and Mineral- 
ogists and subscribers of the 


JOURNAL OF SEDIMENTARY PETROLOGY 


may purchase, for a limited time, complete Volumes 1 (1931) to 7 (1937), at half price, 
One Dollar and a Half ($1.50) per volume. 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
Box 979, Tulsa, Oklahoma 


Just Out! 


Geophysical Prospecting for Oil 


By L. L. Nettleton, Gulf Research Devel- 
opment Co., 444 pages, illustrated, $5.00 


This book brings you facts drawn from the author’s 10 
years of experience in commercial applications of geophysi- 
cal methods. Each method is given a thorough ground work 
of theory, upon which is built an understandable discus- 
sion of types of apparatus, field operations, calculations, 
and other practical details. The book also includes emphasis 
on the increasingly important gravimeter, its operation, 
and reduction and calculation of gravity values, and a 
section giving help in the judgment and weighing of geo- 
physical results. 


2 


\ 


ORDER FROM 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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HERCULES POWDER, COMPANY 


908 
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Robert Ray, Inc. 


GEOPHYSICAL ENGINEERING 


SPECIALIZING GRAVITY SURVEYS 
AND 
INTERPRETATION 


Under Water Gravity Meter 
Surveys Now Available 


CONTRACTING 
CONSULTING 


Foreign—Domestic 


GULF BLDG. "ROBRAY" 
HOUSTON, Tex. CABLE 
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| 
i 
| 
| 


COMPLETE 


Hard and soft formation 
heads are interchangeable 


“BR” WIRE LINE | 
CORE 


PB For intermittent or continuous coring 


Spring loading regulates protrusion of 
cutter head - 


P Replaceable core barrel cutter heads 


Faster, more economical coring 


Heads are interchangeable 


THE REED 
KOR-KING 


CONVENTIONAL 


A CORE DRILL FOR EVERY JOB 


every coring problem. Whether hard or 
soft, large or small, continuous or intermit- 
tent, in proved fields or on remote loca- 
tions, a Reed Core Drill will do the job. 


p> Larger diameter cores 
>Greater percentage recovery 


P>Non-rotating inner barre! Outstanding performances in fields 
p> Choice of inside vent, outside vent or drop throughout the world have established 
ball type in the same barrel. Reed Core Drills as leaders in dependable, 


more economical coring. 


REED ROLLER BIT COMPANY 


The combined features of the Reed | 
Wire Line and Reed Kor-King (conven- § 


CORE DRILL tional) Core Drills present an answer to | 


/ 
~ 
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Hard and Soft Formation 
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SEISMOGRAPH SURVEYS 
GEOCHEMICAL SURVEYS 


GE OF OUR EXPERIENCE 
IN SEISMIC SURVEYS 


Back of every G.S.I. report is the cumulative experience 


gained in mapping 145 producing fields prior to drilling. 


Application of this experience has increased the percentage 
of discoveries and decreased their cost. Take advantage of 


these successes. G.S.I. is better equipped than ever before 
to serve you and help you reduce YOUR oil finding cost. 


exe 


145 propucinc 
FIELDS PRE- 


DICTED PRI 


TO DRILLING! 


ERMOTT, President 


DALLAS, TEXAS 


GEOPHYSICAL SERV 


EUGENE McD 


ICE INC. 


Branch Offices: Houston, Texas Jackson, Miss. 
Los Angeles, Calif. @ Tulsa, Okla 
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Large diameter core recovered. 


Double Core Catcher---same as- 
sembly is used for both hard 
and soft formation coring. 


Hard and Soft Formation Cutter 
Heads fit the same box connec- 
tion in lower end of Working 
Barrel --- easily interchanged 
for varying formations. 


Floating Core Barrel. 


HUGHES TOOL COMPANY 


Replaceable Core Barrel Tip. 


Vent for relieving pressure above 
core as it enters core bar 


Plug for keeping Core Barrel 
clean when running in hole. 


Ease of dressing and handling. 
Simplicity and long life of parts. 


Rugged strength of all parts for 
safety. 


OUSTON 
TEXAS 


i 


